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 PREFACE 
 
 
 This publication comprises four background papers on NRM research that were 
prepared and considered by TAC and iSC. The first two papers concern the topic of integrated 
natural resources management (INRM) and the next two papers concern the topic of water 
management. The four papers are: 
 
1. Evolution of NRM Concepts and Activities in the CGIAR (SDR/TAC:IAR/01/18) 
2. NRM Research in the CGIAR: A Framework for Programme Design and Evaluation 
(SDR/TAC:IAR/01/24) 
3. Water and the CGIAR: A Discussion Paper (SDR/TAC:IAR/01/23A) 
4. Water Productivity Research in the Context of the CGIAR (SDR/TAC:IAR/01/23B) 
 
The work of TAC/iSC that led to the preparation and discussion of the papers covered 
the period from March 2001 to June 2003. The preparation of the papers was overseen by the 
TAC/iSC Standing Committee on Priorities and Strategies (SCOPAS), chaired by Alain de 
Janvry, with Amir Kassam as its technical secretary. SCOPAS members during the period 
included: Richard Harwood, Michael Cernea, Hans Gregersen, Usha Barwale Zehr, Hirofumi 
Uchimiya. They were supported by the TAC/iSC chair, Emil Javier and other TAC/iSC 
members, particularly Elias Fereres, Oumar Niangado and Joachim von Braun.  
 
INRM  
 
TAC has closely followed and participated in, the work of the Centre Directors 
Committee (CDC) on Integrated Natural Resource Management (INRM). In partnership with 
TAC, a series of annual meetings of the CDC INRM Task Force brought together scientists 
and their partners from across the System to work out approaches and methodologies for 
INRM work. Those meetings are widely cited in INRM literature within the CGIAR System, 
and include INRM I, Bilderberg, Netherlands, September 1999; INRM II, Penang, Malaysia, 
August 2002; INRM III, Cali, Colombia, August 2001; and INRM IV, Aleppo, Syria, 
September 2002.  
 
At TAC 80 (March 2001), TAC reviewed the advances in biophysical sciences that 
had implications for INRM research. The discussion was led by Elias Fereres who introduced 
the topic of INRM and stated that INRM’s primary goal was greater productivity through 
improved management. There were two aspects, namely resource characterization and 
resource management, pertaining to which three central issues had to be addressed: how to 
extrapolate from point observations to higher scales; how to explore alternative scenarios; and 
how to predict impact on agricultural systems. He highlighted the point that the application of 
Information and Communication Technologies (ICTs) was pivotal to linking natural resources 
assessment to INRM. GIS and remote sensing were enabling extrapolation from farm, 
watershed, region to global scales while GPS technology was promoting improved 
management of resources by way of precision farming. Such improved management also 
resulted from the adoption of response farming, made possible by accurate weather 
forecasting and from advances in GEOSTAT that permitted spatial analysis and scenario 
assessments as part of simulation models and decision support systems.  
 
Given that the CDC INRM Task Force meeting had been scheduled for August 2001 
at CIAT, Cali, Colombia, the Committee decided at TAC 80 to inform the Task Force 
iv 
meeting about the historical developments in INRM concepts and activities in the CGIAR. It 
requested SCOPAS to prepare a state-of-the-art paper on INRM, tracking the evolution of 
NRM concepts and activities in the CGIAR, for presentation at the INRM Task Force 
meeting. Subsequently, the paper, entitled Evolution of NRM Concepts and Activities in the 
CGIAR (SDR/TAC:IAR/01/18), was prepared by Richard Harwood, Hans Gregersen, Elias 
Fereres and Amir Kassam and presented by Richard Harwood at the INRM Task Force 
meeting in Cali. The paper comprised a comprehensive summary of CGIAR’s NRM activities 
prior to 1996, the TAC study on priorities and strategies for soil and water research, recent 
thinking on NRM and TAC’s evolving perspective on INRM.  
 
Although the TAC’s contribution was well received at the Cali meeting, it became 
clear that a follow up paper on how to operationalize the TAC’s INRM conceptual framework 
would be a useful follow-up contribution to the Task Force deliberations. Thus, at TAC 81 
(September 2001), Richard Harwood introduced the paper NRM Research in the CGIAR: A 
Framework for Programme Design and Evaluation (SDR/TAC:IAR/01/24), prepared by 
Richard Harwood, Hans Gregersen, Elias Fereres and Amir Kassam. This paper focused on 
TAC’s forward-looking thinking on CGIAR’s priorities and strategies on INRM and covered 
the following ground: first, it lays out the context, including the priorities set out in the 2000 
Vision and Strategy; second, these elements are translated into a set of propositions on 
operational strategy; third, the propositions are linked to considerations of implications for the 
System related to the various component NRM elements involved and dealt with by the 
CGIAR, putting forward a framework for designing and evaluating them. Both the above 
NRM papers were shared with the CGIAR stakeholders at AGM 01, as part of TAC Chair’s 
report. 
 
At iSC/TAC 82 (April 2002), SCOPAS proposed and iSC agreed, that in the context 
of the upcoming Challenge Programmes (CPs), it would be helpful to document cases of 
INRM research in the CGIAR to highlight the practical application of INRM approaches to 
address research problems. At iSC/TAC 83 (August 2002), Richard Harwood presented a 
progress report on INRM case studies. Following excellent expression of interest, 13 Centres 
submitted 18 case profiles from all continents encompassing forestry, integrated tree systems, 
livestock, fish and field crop systems, biodiversity, with many focusing on water. Thus, at 
iSC/TAC 83, the Council decided to prepare with CDC Task Force on INRM, a joint 
publication comprising a small set of illustrative case studies on successful operationalization 
of INRM principles in addressing natural resources problems in the context of CGIAR goals, 
on the basis of what Centres would submit. SCOPAS was requested to oversee the 
preparation of the joint publication. Richard Harwood attended the next INRM Task Force 
meeting at ICARDA in September 2002 where the joint publication proposal was further 
discussed and endorsed. At iSC/TAC 84 (June 2003), Richard Harwood and Amir Kassam 
were requested to take charge of the assignment to serve as editors for the publication entitled 
‘Research Towards Integrated Natural Resources Management: Examples of Research 
Problems, Approaches and Partnerships in Action in the CGIAR’ for consideration at the 
INRM Task Force meeting at ICRAF, Nairobi, Kenya in October 2003. 
 
Water  
 
At TAC 80 (March 2001), the Committee concluded that research on water issues had 
for too long been compartmentalized and focused on the short term, with little coordination 
among potential partners. Consequently, the social science aspects of water had lagged behind 
the biophysical and engineering aspects in spite of the recognized importance of economic, 
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social, institutional and cultural dimensions governing water use and management. Besides, 
any analysis of water management had to simultaneously encompass the health component. 
There could be no stronger rationale for a multi-disciplinary approach to research as in the 
case of water. TAC decided that a clearly defined strategic framework for water management 
research in the CGIAR would benefit the System, particularly IWMI which had recently 
undergone external review and its new Director General was providing impetus to a review of 
Institute’s priorities.  
 
TAC requested SCOPAS to review the role of CGIAR in water management research, 
its future integration and strategic direction. Elias Fereres and Amir Kassam were requested to 
prepare a preliminary discussion paper, with the overall aim of developing a common strategy 
for water research in the context of CGIAR’s evolving INRM framework, with a focus on 
IWMI and inter-Centre strategies. To facilitate discussion, a separate paper on water 
productivity research, to be prepared by a consultant, was planned. At TAC 81, Amir Kassam 
presented a paper Water and the CGIAR: A Discussion Paper (SDR/TAC:IAR/01/23A), 
prepared by Elias Fereres and Amir Kassam. It had three objectives: informing CGIAR 
stakeholders of the current status of water in CGIAR activities; identifying the most relevant 
needs, challenges and opportunities to pursue in the context of probable future scenarios and 
CGIAR Centres’ comparative advantages; and concrete elements of a research agenda along 
with possible roles of various Centres. He noted that certain factors combined to create the 
right timing for TAC to produce such a discussion paper: strategic issues and concerns raised 
by the IWMI EPMR; a change in IWMI’s mission and goals; the ongoing difficulty in 
mobilizing adequate resources for water-related research in the CGIAR; the proposed 
Systemwide Initiative on Water Management (SWIM II), and the upcoming Challenge 
Programme on water. To facilitate discussion, a background paper on Water Productivity 
Research in the Context of the CGIAR (SDR/TAC:IAR/01/23B), prepared by a consultant 
Jacob Kijne, was also made available to TAC. 
 
The Water and the CGIAR paper proposed that water management research was to be 
conducted in a manner that would facilitate the integration of certain themes, using TAC’s 
INRM framework. It proposed that water management research should focus on four broad 
areas: improving water use efficiency in agriculture; management of watersheds for multiple 
functions; management of aquatic ecosystems, particularly those with boundaries with 
terrestrial ecosystems; and policy and institutional aspects of water management. There was 
general consensus on the themes proposed and the need for cross thematic integration. The 
paper warranted improvement on the aspects of basin-level activities and scale and was to 
serve as a guide for resource allocation, highlighting CGIAR’s comparative advantage. A 
revised version of the paper, integrating comments from CGIAR Centres, was requested by 
TAC for consideration at the next iSC/TAC meeting.  
 
At TAC 82 (April 2002), Elias Fereres presented a revised version of the paper Water 
and the CGIAR: A Discussion Paper, taking into account Centre comments which related to a 
host of issues, for instance: equity, economic options for the poorest, property rights, multi-
dimensionality, water and forests, fish production, watershed management and, above all, 
adoption of improved water management practices. Two additional issues highlighted were: 
policy regulations and water as food. It was also acknowledged that the CP pre-proposal on 
Water and Food had embodied all the four themes proposed in the TAC paper and the need 
for integration across the themes, as constituting the framework for water management 
research. Further, TAC’s INRM guidelines recommended watershed management as a means 
of implementing INRM by way of linking water management to integrated land use 
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management. Hence, the framework for water management research outlined in the revised 
paper was inherently linked to these guidelines. The final version of the paper was shared 
with the Group as part of the iSC Chair’s Report to the AGM 2002. 
 
SDR/TAC:IAR/01/18 
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 EVOLUTION OF NRM CONCEPTS AND 
ACTIVITIES IN THE CGIAR1 
 
 For some years, TAC has been evaluating and planning for natural resources 
management research within the context of the CGIAR’s main goal of sustainable poverty 
alleviation and food security through agricultural and related research. The present paper 
provides a synthesis of such assessment and planning activities since the Canberra meeting in 
1989 when the formal decision was made by the members to consider expanding the System 
to include a number of natural resource and environmentally focused centres, including 
specifically centres dealing with forestry, agroforestry, water management and fisheries. 
 
 This paper traces in broad terms the evolution of the concepts and activities of the 
CGIAR related to sustainability, natural resources and integrated natural resources 
management. We start with a brief review of the early years and the post Canberra meeting 
years. This is followed by a discussion of the 1996 TAC study on priorities for soil and water 
research in the CGIAR. It was in this document that the term “integrated natural resources 
management,” or INRM formally entered the System’s vocabulary, although the concept, in 
various forms had been around for decades. 
 
1. PRE 1996 CGIAR ACTIVITY IN NRM 
 
 Up through 1996, there was a significant evolution of CGIAR thinking on NRM and a 
substantial broadening of its activities in this area. 1990 was the key year when the Group 
agreed to proceed with consideration of expansion of the System to include a number of 
natural resources related centres and activities. 
 
1.1 The Early Years 
 
 Through the 1960s, the CGIAR focused almost exclusively on agricultural 
productivity and efficiency for its mandate crops. This included efficient use of fertilizer and 
other nutrient sources, as well as effective pesticide use. Emphasis was on genetic 
improvement which not only focused on yield increase but also on: pest and disease 
resistance, nutrient response and efficiency, adaptability to growing environments and stress 
tolerance. Reduction of environmental impact was a stated objective of much of this work. 
Water-related research addressed primarily issues on water distribution networks and on crop 
adaptation to water stress. This general approach was a sole focus, but continued as a central 
theme as new components were added in the eighties. 
                                                 
1Prepared by Richard Harwood, Hans Gregersen, Elias Fereres and Amir Kassam, with input from Tim Kelley, 
for the Workshop on Integrated Management for Sustainable Agriculture, Forestry and Fisheries, 28-31 
August 2001, CIAT, Cali, Colombia. Helpful review comments were provided by Emil Javier and Alain de 
Janvry. A revised version of this paper incorporating the output of the Cali Workshop will be discussed at 
TAC 81, 24-28 September 2001.  
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 Through the 70s and 80s, a cropping/farming systems approach was added to the 
research agenda, including research on optimum rotations and cover crops. In addition, work 
was started in the area of integrated pest management. Some programs researched entire 
farming systems, including animal feed and other components. Others focused on the 
mandate crops “in a farming systems context”. These efforts broadened the crops grown and 
the agronomic management of these crops. Varietal selection was often done, but genetic 
improvement by breeding was not included for those “companion” crops. Farmer-participant 
methods became central to that work, as most was conducted on-farm, by farmers. In all 
cases the “systems” researched were based on mandate crops, i.e., upland rice, irrigated 
lowland rice, cassava, maize, etc. Economic production research increasingly extended 
beyond individual crops to include systems impact on farm family incomes, labour use and 
food security. Water research emphasized water management and operations at the district 
level. Research on genetic improvement and on related agronomic practices continued for the 
mandate crops. 
 
 The concept of “sustainability” (related to the NRM base on which all agricultural 
production depends) officially entered TAC and the CGIAR language in 1987, when TAC 
identified sustainability and natural resource management concerns as deserving high priority 
attention and the inclusion of the word "sustainable" in the CGIAR goal statement in 1987 
(TAC 1987 CGIAR Priorities and Future Strategies). In 1988, TAC produced its first seminal 
work on sustainability and conservation and management of natural resources entitled 
"Sustainable agricultural production: implications for international agricultural research" 
(TAC 1988), which presented sustainability as a dynamic concept under the following 
definition: "sustainable agriculture should involve the successful management of resources 
for agriculture to satisfy changing human needs while maintaining or enhancing the quality of 
the environment and conserving natural resources." 
 
1.2 The 1989 Canberra Meeting and the Early 1990s 
 
 The Canberra meeting in 1989 represented a watershed in the CGIAR in terms of 
opening the doors to a broadened, more environmentally and NRM focused mandate and set 
of activities. It was at this meeting that the proposal was put forth and accepted to move 
ahead with preparations to add centres dealing with forestry, agroforestry, water 
management, livestock and fisheries, broadening the focus beyond the agricultural systems 
that were being covered. 
 
 In 1990, TAC reviewed the role of the non-CGIAR, NRM focused Centres 
(IBSRAM, IFDC, IIMI, ICRAF), and considered how best to add forestry to the system. At 
the same time, TAC reviewed the weaknesses in CGIAR NRM research and the need to 
broaden the CGIAR NRM mandate. The ecoregional approach emerged as one way to focus 
more on integrated crop and natural resources questions within a broad ecoregion. 
 
 At ICW90, the CGIAR endorsed the concept of an ecoregional approach. This 
broadened the mandate beyond geographical areas delineated by commodity systems (upland 
rice, lowland rainfed rice, etc.) to areas delineated by other (non-commodity) factors. 
Boundary conditions were left unclear; and there was need for further clarification. In 1991, 
TAC laid out the concepts underlying an ecoregional approach. 
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 In the 1992 Review of CGIAR Priorities and Strategies, and in the 1993 CGIAR 
Medium-Term Resource Allocation, TAC provided guidelines and targets for investments in 
NRM related research through ecoregional programmes and subject matter global 
programmes on genetic resources, water, fisheries, forestry/agroforestry and livestock. 
 
 In the mid nineties, a number of activities took place that helped to define the current 
perspectives held in the CGIAR on INRM. For example, two CGIAR-initiated Task Forces 
were established on: Sustainability (Rudy Rabbinge, Chair) and on Ecoregional Approach 
(Cyrus N'Diritu, Chair). Both task forces reported to MTM95 in Nairobi, and their 
deliberations helped shape future programs and perspectives. They also helped to widen the 
network of linkages between the CGIAR and other groups and key individuals working in the 
broadly defined area of INRM. 
 
 In 1996, there was a key TAC-led study on “Priorities and Strategies for Soil and 
Water Aspects of National Resources Management Research in the CGIAR”. This report put 
forth the first call for an “integrated” approach to NRM (INRM), based first and foremost on 
soil and water resource management. It was a seminal report, having broad implication. Thus, 
its recommendations are summarized in the following Section, while post 1996 evolution of 
INRM at the System level is sketched out in Section 3. 
 
2. INRM IN THE 1996 TAC STUDY ON PRIORITIES AND STRATEGIES FOR 
SOIL AND WATER RESEARCH IN THE CGIAR 
 
 As mentioned, the 1996 S&W study incorporated most of TAC’s ideas that had 
evolved over the past decade or so.2 Notably absent, was a strategic discussion of forestry and 
fisheries; and of biodiversity – generally now accepted in the System as a separate, but 
equally important part of NRM. It was reasoned that these specific themes had been covered 
in other recent TAC discussions and studies or that they would be covered in the future. We 
consider that the 1996 document introduced many key ideas and concepts that form the basis 
for our current thinking as discussed below.  
 
 TAC wanted to focus on the “integrated” aspect of NRM as the concept was evolving 
in the System. Prior to the S&W study, the term was not widely and officially used in the 
System. While TAC used the INRM term somewhat differently from the more recent way in 
which the current CGIAR INRM group (the Bilderberg, Penang and now Cali meetings) uses 
it, the two uses are fully compatible and complementary.3 The S&W paper went on to 
emphasize that: 
                                                 
2It should be noted that while this TAC-led study of NRM research was in progress, the CGIAR established two 
Task Forces, one on sustainable agriculture and the other on ecoregional approaches to research. TAC 
attended the meetings of both Task Forces. The conclusions and recommendations/ commentaries of the two 
reports were taken fully into account in preparing this paper, including in the recommended modes of 
implementation. 
 
3TAC suggest that: “INRM can be defined as the responsible and broad-based management of the land, water, 
forest and biological resources base--including genes--needed to sustain agricultural productivity and avert 
degradation of potential productivity.” The Penang proceedings, on the other hand, defined it as follows: 
"Integrated natural resources management is a conscious process of incorporating multiple aspects of natural 
resource use into a system of sustainable management to meet explicit production goals of farmers and other 
uses (e.g., profitability, risk reduction) as well as goals of the wider community (sustainability).” 
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…the CGIAR System could benefit from introduction of a more consistent, systematic, 
and environmentally sensitive integrated natural resources management (INRM) 
framework for research. This framework would serve two main purposes. One is to 
provide a logical framework for linking the various natural resources management 
activities in the System. The other is to provide a better means of showing the rest of 
the world how the System is addressing the interrelated set of environmental and 
natural resources issues that are of concern when moving towards sustainable 
agricultural, forestry and fisheries production. Such a framework would involve four 
sets of interrelated linkages: 
 
• Links between productivity-enhancing and resource conserving research (e.g., 
crop improvement and natural resources management); 
 
• Spatial or landscape level linkages (e.g., upstream-downstream linkages in a 
watershed management framework); 
 
• Temporal linkages (e.g., links between present and future, or sustainability 
considerations); 
 
• Linkages between research and the diffusion/adoption of results from such 
research. 
 
Research within this INRM framework incorporates a broad spectrum of disciplines 
and activities outside the soil and water focus of this study, including those related to 
forestry, fisheries and genetic resources. These other areas of activity are fully as important 
and critical to the successful use of an INRM framework as an integrating tool. Thus, they 
will need to be incorporated into a more operational INRM framework and approach. One 
example of an INRM framework focusing on the spatial (watershed) linkages is provided by 
an integrated watershed management framework (a detailed model was presented in Annex I 
of the S&W study). (Elsewhere in the S&W Study, TAC uses the IPM model as an example of 
INRM). 
 
 The main conclusions and recommendations of the TAC S&W study were as follows:  
 
Conclusion 1: There is a need to improve the state of information on land and water 
degradation and its impacts on agricultural, forestry and fisheries production  
 
 There is a serious, widespread lack of adequate information on land and water 
degradation and the state of the environment, and knowledge of the impacts of environmental 
change (both degradation and enhancement) on crop production, particularly over time. 
Arguments regarding the seriousness of the problems abound among reputable groups. The 
arguments arise almost entirely because of deficiencies in basic data and because of 
differences in interpretations of the scarce data available. 
 
 Given the need for transnational information and research on the condition of natural 
resources and the environment, and particularly on the extent and impact of degradation and 
enhancement of the environment by humans, TAC believes that there is a critical role for the 
CGIAR System to play in developing a better understanding of some of the linkages between 
agriculture, forestry and fisheries and the condition of the environment and the natural 
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resources base on which all agriculture depends. (In fact, the recently completed SPIA 
Nelson Panel report on environmental impacts of the CGIAR was to a great extent a response 
to this recognized need). 
 
 Recommendation 1: The CGIAR System should develop improved mechanism(s) by 
which centres, collectively, can be involved with other partners in generating and interpreting 
improved scientific evidence on the extent and magnitude of the impacts of agriculture, 
forestry and fisheries on the degradation or enhancement of natural resources and the impacts 
of such degradation or enhancement on agriculture, forestry and fisheries production and 
food security.  
 
Conclusion 2: The CGIAR System has need for an Integrated Natural Resources 
Management (INRM) framework for research 
 
(TAC’s thinking on this conclusion was summarized above). 
 
Conclusion3: Within the INRM framework there is need for additional focus on specific 
subject matter 
 
 TAC concluded that most of the areas of research within the INRM framework that 
are relevant for the CGIAR System already are being dealt with to some extent in the System. 
However, TAC also emphasized that the linkages covered within the INRM framework need 
to be introduced into the CGIAR System not only through centre activities, but also to a great 
extent through work in the Systemwide Programmes, essentially those that implement the 
ecoregional approach. The INRM framework is mainly an integrating mechanism that helps 
to develop full coverage of natural resources management issues while being fully sensitive 
to environmental externalities and linkages.  
 
 TAC recognized back in 1996 that water is one area of focus that particularly needed 
much greater emphasis within an INRM framework. It identified a number of issues and 
challenges in the water area faced by agriculture, forestry and fisheries that were considered 
critical for food security now and even more pressingly in the future. Thus, TAC concluded 
that water-related research is a priority area in which the System's scope and intensity of 
work should be significantly expanded to embrace the problem of water scarcity and 
competition among the different users. Emphasis was placed on sustainable resource use and 
conservation by addressing water quality issues and broad watershed management activities 
to complement, the existing work on soil-plant-water relationships, allocation and distribution 
of irrigation water, and the role of water users associations and management schemes.  
 
 A number of other research priorities were identified within the context of the four 
INRM linkages discussed above. They are mentioned below, although not all of them should 
be or will be undertaken by CGIAR Centres. 
 
 In terms of linkages between productivity-enhancing and resources-conserving 
research the following topics seem particularly relevant: 
 
• managing water and nutrient supplies for greater efficiency and sustainability; 
research on the efficiency of water and nutrient use by crops, especially to prevent 
degradation of irrigated land; both economic and biophysical efficiency should be 
considered; 
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• research on the processes underlying the long-term, less obvious forms of soil and 
water degradation. (This will complement existing production-oriented CGIAR soils 
research); 
 
• managing soil fertility (organic matter, mineral nutrients, acidity). 
 
 In the case of spatial or landscape linkages, the key areas include research on: 
 
• the pros and cons of devolution of NRM responsibilities to local government bodies 
and user groups; 
 
• the physical, economic and social impacts of agriculture, forestry and aquaculture 
production practices on the quality and quantity of downstream water supplies and on 
assemblages of aquatic organisms in downstream and upstream water bodies; 
 
• development of acceptable methods for combating soil erosion (mainly associated 
with its off-site impact on environment); 
 
 TAC also advocated a greater use of the interdisciplinary and systems approaches 
(including simulation models) in developing research within the INRM framework, and it 
suggested the need for development of a limited number of carefully selected watershed or 
catchment studies that can serve as baseline studies or benchmark sites within the ecoregional 
approaches developed by centres and their partners. 
 
 In the case of temporal linkages, the key area for research is: 
 
• measurement of the rates of change in key dimensions of natural resources (the 
dynamics of resources management, use, enhancement and degradation); and research 
on the impacts of such changes on food and water security; and on health. 
 
 This work is particularly critical, given the conclusion above concerning the state of 
knowledge and understanding of the impacts of agriculture on natural resources and the 
environment and the impacts of land and water degradation on overall agricultural 
production. (See Recommendation 1 above.) 
 
 In the case of linkages between research and diffusion/adoption, the key area for 
research is: 
 
• the long delays between information development and generalized adoption including 
the reasons why existing information has not been used more effectively to improve 
natural resources management practices. For instance the move from shifting to 
permanent cultivation; also, research on how to get more effective implementation of 
existing knowledge for improved INRM, i.e., research on cultural diffusion and 
adoption of research results already on the shelf, in the context of fostering a 
participatory approach to improving natural resources management. 
 
 TAC was concerned with the fact that there is a great deal of research-generated NRM 
information that is readily available, but unused in practice at present (e.g., knowledge 
regarding soil conservation technologies and watershed management practices). Further, 
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based on the assessments of the S&W Study, consultants and others, it was concluded that 
many of the past improvements in NRM can be related back to research that was carried out 
for other purposes. Thus, the links between research and changes in management practices 
are weak in such cases.  
 
 There is need for increased research on why there is a lack of widespread progress in 
natural resources management using much of the available research-generated information 
and technologies. This is a promising, potential area of significant gains. TAC believes that 
there is opportunity for the CGIAR to expand its activity in this area, particularly looking at 
the NRM technologies and ideas generated in its own centres, but also at related knowledge 
developed by its partners. The kinds of research questions which appear to have promise 
include: Was the research undertaken in isolation of the needs and incentives of potential 
beneficiaries? Were the costs of diffusion, adaptation and adoption ignored or 
underestimated? To what extent were issues of diffusion and adoption ignored? Have the 
research results been adequately translated into practical language that is understood by the 
potential users? Why is it in areas of success, that it appears that strong local organizations 
are one key factor in effective transfer and utilization? How can existing knowledge and 
technologies be used more effectively and efficiently to generate gains in terms of natural 
resources management and conservation?  
 
 Recommendation 2: Intensified and expanded collaborative mechanisms and 
activities should be developed among centres, and between centres and their non-CGIAR 
partners, to help focus increased research and institution strengthening on issues related to 
adoption, adaptation, and utilization of existing NRM technologies and knowledge that so far 
have remained unused. 
 
 This recommendation should be implemented through a coordinated effort of the 
Centres, based on their own ongoing, individual programmes in this area. Such an activity 
should become part of every research programme and centre activities, where it is not already 
so. TAC does not envision it as a formal Systemwide Initiative but as a reallocation of 
resources into areas of higher priority.  
 
Conclusion 3: There is a need for uniform and consistent criteria for judging the 
priorities for NRM activities/research in the CGIAR Centres and programmes 
 
 TAC considered various criteria for assessing the relative importance of the proposals 
to strengthen or expand INRM research in the System. TAC recognized that the criteria or 
factors involved also could be used to look at the desirability for continuing current 
programmes.  
 
 TAC concluded that at least four factors, described in detail in the report, should be 
considered by those preparing proposals and in judging the relative importance of new 
research themes. More specifically, priority activities should: 
 
1. make an identifiable contribution to poverty alleviation and environmental 
protection or enhancement; 
2. be results-oriented and utilization focused (demand-driven with high probability 
of use); 
3. make optimum use of existing information and fill knowledge gaps; 
4. build on the CGIAR's international advantages. 
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 TAC also considered various criteria for judging the usefulness of alternative modes 
of operation for implementing INRM research (see section 4.2). It concluded that seven such 
factors should be considered in choosing among options: 
 
1. degree and effectiveness of collaboration with others; 
2. cost-effectiveness/value added of the option; 
3. extent to which stakeholders' interests are considered in defining problems and 
planning research; 
4. clarify for communicating the importance of the research to CGIAR members and 
others; 
5. continuity of funding/support; 
6. ease with which acceptable lines of accountability can be established; 
7. standards of planning, monitoring and evaluation proposed. 
 
 The above criteria for judging importance and for choosing among operational modes 
are fully consistent with those that have been adopted for use in the broader TAC Priorities 
and Strategies exercise related to Systemwide Initiatives and Programmes. In fact, they have 
evolved from TAC's experience in assessing future funding of the NRM components of 
Systemwide Initiatives and Programmes, including those based on the ecoregional approach. 
 
 The above conclusions and recommendations are probably as relevant today as they 
were in 1996 when the study was released. In fact, the CGIAR has made strides in alleviating 
some of the problems identified and taking advantage of some of the opportunities pointed 
out in the TAC study. Some areas of NRM information have improved markedly, but most 
remain in an unsatisfactory state. That is particularly so in the more complex areas that link 
the biophysical processes to the human/social processes that drive land degradation and 
natural resources use and misuse. 
 
3. RECENT THINKING AND ACTIVITIES RELATED TO INRM 
 
 In 1998-99, TAC introduced and the System accepted the logframe as a basic 
organizing and accountability tool for the System and its centres. Within the context of the 
logframe reporting procedure, INRM was to be a part of production systems research for 
crops, trees, livestock and fish. This outlined the framework for conducting INRM research 
within the context of production systems, rather than as a separate entity within Centres or in 
a completely separate Centre or programme. It called for an output-based approach, with a 
need for impact assessment procedures to be put in place. 
 
 By the late 1990s, IIMI had changed its name to IWMI, with a shift in focus and a 
broadening of mandate beyond the management of irrigation systems to include issues on 
watershed and river basin management up to the global scale This represented a conceptual 
change which was increasingly demanded by changing global needs. More recently, the 
activities of IBSRAM were merged with IWMI to form a broader alliance directed at 
conducting water research in a land and water conservation context. 
 
 At IWC99, a TAC-sponsored external panel reported on a study of CGIAR activities 
and priorities for “marginal lands.”. This study reviewed past efforts and assessed potentials 
and methods for research on marginal lands. Definitions, land classification difficulties and 
9 
 
social impact dimensions were reviewed. This study contributed to a better understanding of 
the linkages between poverty and land types, or natural resource systems broadly defined. 
 
 Also in 1999, a TAC led study, “The systemwide review of programmes using an 
ecoregional approach,” concluded that the approach could be effective, subject to effective 
management, clear articulation of, and focus on, researchable problems, and appropriate 
partnerships. 
 
 Another key 1999 CGIAR activity, led by a coalition of centres, was the Bilderberg 
meeting on natural resources management research. Its outcome confirmed many of the 
concepts that had been evolving, and strengthened emphasis on some points, namely that: 
 
• an integrated approach to NRM was needed; 
• the social component was equally as important as the biophysical one, and that it 
should be strengthened; 
• increasing emphasis should be placed on identifying and including stakeholder 
groups; and 
• the problem focus must be clear and specific in INRM activities; 
 
 In 2000, the CGIAR INRM group had a second, followup meeting to Bilderberg. This 
meeting was held in Penang, Malaysia, to further refine CGIAR ideas related to INRM. The 
meeting resulted in a strengthening and broadening of the CGIAR “community of interest” 
group and a re-emphasis of the Bilderberg points of focus. Considerable attention was given 
to agroecology and ecosystem processes as ongoing concepts. 
 
 TAC’s most recent involvement in the INRM area was a TAC commentary on the 15 
March, 1999 Centre Directors’ Committee (CDC) “note on integrated natural resources 
management,” prepared in response to the recent System Review’s recommendation no. 5, 
which included a number of proposals for strengthening INRM research in the System. It is 
instructive at this point to briefly look at what the System Review said about INRM, review 
the CDC response, and then look at TAC’s commentary on it, since this relates directly to the 
INRM activity that has evolved in the System since the System Review was presented to the 
CGIAR members. 
 
3.1 The System Review and INRM 
 
 In 1999, the System Review team presented its final report to the Group. It had a 
number of things to say about natural resources and NRM as a cornerstone of CGIAR work. 
It pointed to the emerging natural resource management methods as illustrating the paradigm 
shift in agricultural sciences: from classical agronomy to ecological sciences; from analytical 
research to systems dynamics; from top-down to participatory approaches; and from factor-
oriented management to integrated natural resource management.  
 
 The report highlighted that new agricultural techniques will have to be rigorously 
assessed before being introduced in order to avoid potential negative impact on ecosystems. 
Technical changes as well as social, economic, and institutional changes, will have to be seen 
as modifications of the whole system in which they are included, not simply as independent 
introductions. Innovation in production systems will thus have to be considered as sets of 
changes related to strategies addressing the entire System. Integrated approached to the study 
of system change will be needed. Agroecological systems management will therefore become 
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a major research area. Ecosystems management in a wide sense – cropping systems, livestock 
systems, fisheries, forestry, agroforestry, and the interactions with the surrounding 
ecosystems – is based largely on NR and policy management. The purpose of these 
management approaches is to guarantee ecological and economic viability and sustainability, 
as well as the social acceptability of technical, economic and institutional changes. 
 
 An integrated NRM approach will involve three basic steps. The first is to identify the 
extent of the resource degradation and rural poverty problems to be addressed, place these 
problems in their relevant spatial and temporal scales and identify their driving forces, and 
then predict their future trends and patterns. The second step is to undertake research 
activities to enhance the food production services of existing land use systems in a 
sustainable manner. The third step is to do on-farm research to assess the trade-offs among 
options arrived at thus far.  
 
 The implementation of the NR approach necessitates the establishment of partnerships 
with concerned stakeholders – including policy makers at different levels, from the village to 
the international sphere – as well as new collaborative modes among the CGIAR Centres, 
NGOs, NARS and ARIs. The emphasis is no longer on large-scale adoption of a single 
solution, such as an improved crop variety, by one category of stakeholders (farmers). On the 
contrary, it is on ensuring that a given problem occurring in a variety of environments is 
solved in a sustainable manner through the adoption of ranges of options by farmers, regional 
bodies (including NGOs), and policy makers at the national and international levels.  
 
 The System Review team recommended the following: 
 
“That the CGIAR enhance its research methodology by adopting an integrated natural 
resource management approach. Further, the organization of an International Network for 
Integrated Natural Resource Management will link productivity research with 
environmentally sound management of natural resources. The Network should be based on, 
among other things: 
 
• centres that are retooled with sciences needed to manage the viability and sustainability of 
ecosystems; 
• a definition of the corresponding methods at different spatial scales, particularly at local 
levels; 
• adoption of precision farming techniques in relation to tillage, irrigation, nutrient supply 
and pest and post-harvest management; 
• development of indicators for measuring sustainability; 
• development of sustainable systems of management for aquatic resources; 
• joint preparation of national agricultural research strategies by respective NARS and a 
consortium of IARCs; and  
• development of more bottom-up, demand-driven projects. 
 
3.2 CDC “Note on INRM” – A Response to The System Review 
 
 The Centre Directors Committee presented a response to the System Review’s 
Recommendation 5 at the CGIAR Consultative Council meeting in Brussels in January 1999. 
It can be summarized as follows:  
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• The CDC does not endorse the establishment of an additional network for INRM, 
but strongly supports the proposed conceptual framework and the need for 
increased support of ongoing INRM activities in the CGIAR. 
• INRM should be seen as an approach that permeates the entire CGIAR, as a pillar 
of equal importance to integrated gene management (IGM). INRM is not 
amenable to being addressed through a single "international network". In fact this 
reductionist proposal runs counter to the more desirable objective of organizing 
research around natural resource management problems in a demand-driven way. 
• The CGIAR has already invested heavily in establishing INRM-type ecoregional 
consortia and systemwide programmes, such as Livestock, Soil/ Water, and 
Alternatives to Slash and Burn. These programmes focus on the relationships 
between the resilience of the natural resource base on one hand, and poverty 
reduction and food security on the other. The next logical step for the CGIAR 
should be to reap full advantage of the time and financial investments made in 
these established programmes by providing sustained support. 
• Emphasis should be made on scaling-up the research from the plot or farm scale to 
the watershed/village, national, regional and global scales. National, regional and 
global concerns such as carbon sequestration, greenhouse gas emissions, 
agrobiodiversity, deforestation, desertification and depletion of coral reefs should 
become a more explicit part of the CGIAR agreed agenda. 
• The CDC strongly supports the Review's emphasis that technological research 
should go hand-in-hand with policy research at the same geographical scale. 
INRM is by definition interdisciplinary and highly participatory. 
• NRM consortia based on ecoregions or problem areas should be operated through 
the leadership of the Centres already responsible. The CDC Committee on 
Sustainability and the Environment (CSE) will take explicit leadership for a 
system-wide sharing of experiences, approaches, results and ways to control the 
high transaction costs of INMR partnerships. The CSE will take the initiative to 
ensure increased cohesiveness and synergies of INMR between centres and with 
partners. 
• Considerable confusion is associated with the use of the term "INRM" in the 
CGIAR. The CSE will also work on clarifying concepts and terminology.  
  
 The CDC went on to propose an “Action Plan” as follows: 
 
1. The CDC believes that the CGIAR can best contribute to INRM and broader 
environmental objectives by strengthening ecoregional research capabilities and 
particularly by reinforcing intercentre cooperation at key ecoregional benchmark 
locations. 
2. The CDC proposes to strengthen its Committee on Sustainability and the 
Environment (CSE) by including centre scientists who are leaders in INRM 
research. CSE will continue to be chaired by a DG, with additional DG's as 
members. It will take responsibility to assure the implementation of a strengthened 
INRM pillar in the CGIAR by the centres. 
3. The CDC recognizes that there are major gaps in the research coverage of current 
ecoregional programmes, for example measurement of carbon sequestration and 
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greenhouse gas emission in many ecoregions. A gap analysis in the form of a 
matrix of systemwide and ecoregional environmental issues will be undertaken by 
CSE. 
4. The CDC also recognizes that locally, nationally and internationally resources 
tend to be spent on addressing symptoms of environmental degradation rather than 
understanding the underlying causes. We believe that a strong case can be made 
for donors to shift resources away from palliative "environmental protection" and 
towards investments in research to understand the underlying cause of natural 
resource degradation. 
5. Centres believe they should further exploit their ability to address NRM issues 
beyond the confines of individual countries. There are potential opportunities to 
look at cross border environmental issues (large watersheds, for example). 
6. The CDC proposes a number of immediate steps to strengthen INRM research in 
the CGIAR: 
• Further studies of relationships between natural resource depletion and 
poverty.  
• Case studies of the economic, social and environmental returns from INRM 
research.  
• Better understanding of the relationships between natural resource depletion 
and both sectoral and extra-sectoral policies. For example the impacts of 
agricultural policies on forests and fisheries; of land degradation policies 
which focus on soil erosion and ignore soil nutrient depletion and soil fertility 
policies which focus exclusively on fertilizers. 
• The need to bring INRM issues fully into the NARS agenda and to build 
NARS capacity in INRM research.  
• The special need to strengthen INRM research in sub-Saharan Africa, where 
poverty and resource degradation are most acute. 
• Incorporation of appropriate climate change and biodiversity research issues in 
the research agendas of the CGIAR centres.  
 
3.3 TAC Commentary on the CDC paper 
 
 TAC in turn reviewed the CDC response and associated Action Plan, presented at the 
March 1999 TAC meeting in Rome. TAC was in general agreement with the CDC positions 
and proposed Action Plan. Specifically, the TAC commentary stated that: 
• TAC agrees with the SR Recommendation 5 that there is need for strengthening and 
for increased clarity and focus of INRM work in the CGIAR, and that INRM 
activities should be under regular assessment and update. This should be based on 
ecosystem science, the understanding of ecosystems as suggested in Recommendation 
5 (attached). There is need for establishment of a conceptual framework for INRM. 
 
• TAC agrees with the CDC and-the CBC that there should not be an additional 
Systemwide network established for INRM, but that it should remain a part of a 
sustainable production systems effort. The two are inextricably linked. 
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• TAC endorses the CDC recommendation that the CDC Committee on Sustainability 
and the Environment (CSE) will take leadership for Systemwide sharing of 
experiences, approaches, results, and ways to control the high transaction costs of 
INRM partnerships. TAC will work with the CSE in that endeavour. 
 
• TAC will work with the CSE to incorporate appropriate areas of global climate 
change work in the INRM portfolio. 
 
• TAC will work with the CDC to rapidly implement lessons learned from its ongoing 
review of ecoregional programmes, due for completion in late 1999, to increase the 
effectiveness of ecoregional methodologies as an INRM tool. It is agreed that these 
ongoing programmes can serve as platform for much of the System's INRM work. 
 
• TAC will work with centres to increase their use of production ecology as a tool in 
INRM work within the framework of sustainable production systems. 
 
 With the recommendations of the System Review and a number of other studies in 
mind, TAC prepared the most recent Vision and Strategies document. It dealt in several key 
places with NRM issues and opportunities, as indicated below. 
 
3.4 NRM in the “CGIAR Vision and Strategy (2000)” 
 
 TAC recognizes that poverty alleviation and sustainable food security for the rural 
and urban poor depend directly on the health of the environment and the sustainability of the 
natural resource base on which food, feed and fibre production depend and therefore 
conservation and enhancement of natural resources and protection of the environment are 
central to the CGIAR core research agenda. However, there are limits to how much and what 
type of NRM research the CGIAR should support. Priorities should be determined based on 
the following six principles: 
 
(1) The CGIAR should concentrate on NRM research that contributes to productivity 
enhancement and sustainability of natural resources for production of crop, livestock, 
forest and fish outputs that have impacts on poverty reduction and food security, 
giving appropriate consideration to inter-generational equity of benefits.  
 
Effective management of the natural environment is an activity pursued by many 
organizations for many different and legitimate purposes, including global climate change, 
wildlife management, ecosystem health and recreational purposes. Given the competence and 
large numbers of alternative suppliers, the CGIAR should pursue activities that are targeting 
sustainable productivity improvements. Yet every effort should be made to create win-win 
situations and to minimize trade-offs between crop, livestock, forestry and fisheries 
production and environmental and natural resource protection.  
 
(2) The CGIAR Centres should use an integrated NRM focus in their planning to define 
problems in NRM that require research.  
 
The INRM framework proposed in the 1996 TAC paper should continue to evolve to provide 
a better defined and more operational focus for CGIAR-supported activities in NRM. 
Improvements will arise from a shift from NRM research on-station to production ecology 
research in integrated production systems at benchmark sites. The INRM framework 
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incorporates a broad spectrum of disciplines and activities, including those related to forestry, 
fisheries and genetic resources and describes a number of critical linkages. In the case of 
linkages between research and the diffusion and adoption of technology, it is essential to 
enhance our understanding of why existing information and knowledge has not been used 
more effectively to improve NRM practices. This is a promising area of research and the 
CGIAR Centres are well positioned to undertake this assessment. 
 
(3) International integrated NRM research should be process oriented to ensure 
maximum contribution to production of international public goods.  
 
This principle applies to both biophysical and socioeconomic components, relationships and 
changes across environments, and the sociopolitical processes by which positive changes can 
be made or negative ones avoided. Such process research involves consideration of changes 
over time, comparability of results across ecoregional production systems, and mechanisms 
for translating results through adaptive research done by NARS. This implies a shift towards 
process-level relationships understanding and modelling across environmental gradients, and 
away from site-specific component trials. A number of examples were given (e.g., for water, 
forests, fisheries, livestock, soils, etc.). In addition to the development and application of 
biophysical and economic models, CGIAR research in integrated NRM should target a range 
of other international public goods including the development of improved tools for research 
on land and water management, e.g., sustainability assessment, identification of resource 
management domains (typologies), and methods for impact assessment. 
  
(4) The CGIAR should give greater attention to research to resolve water issues.  
 
Irrigation currently uses two thirds of the developed water supplies worldwide and agriculture 
faces competing demands for water from all other sectors. Unless properly managed, lack of 
access to fresh water may well emerge as the key constraint to global food production. There 
are inter-sectoral water management issues (competition among agriculture, municipal, 
industrial, and environmental uses) as well as issues within and between countries. The 
resolution of these competing demands for water may be assisted by well-focused research to 
improve the management of water in ecosystems, in particular on improving the efficiency of 
water use in agriculture. 
 
(5) Focusing NRM research around common reference locations or benchmark sites is 
essential in incorporating the many dimensions of integrated NRM.  
 
This approach will provide a common environmental and problem set for multidisciplinary 
integration and interface with national programmers. The focal site (benchmark) work should 
be done within a GIS framework to facilitate extrapolation to the relevant recommendation or 
application domains. 
 
(6) Priorities for specific NRM research themes should be determined by the CGIAR 
Centres in the context of the sustainability issues affecting productivity increases, 
regional priorities and comparative advantages of the CGIAR.  
 
The CGIAR is well positioned to become the global focal point and provide visibility for 
international research to address NRM issues related to productivity enhancement. As a 
nucleus for global knowledge on sustainable land and water management, the CGIAR could 
lead and coordinate global efforts to improve the state of knowledge on land and water 
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degradation and its impacts on agricultural, forestry and fisheries production. In addition, the 
CGIAR System can play a major role in surveying, analysing, integrating and disseminating 
information from a variety of sources dealing with scientific and indigenous knowledge on 
land and water management in relation to agricultural, forestry and fisheries production. 
 
4. TAC’S CURRENTLY EVOLVING PERSPECTIVE ON INRM IN THE 
CGIAR4 
 
 As evident from the discussion above, TAC’s ideas on natural resources management 
research have been evolving in keeping with new knowledge, with the changes in CGIAR 
objectives and with new thinking on issues such as sustainability and poverty alleviation. 
They are still evolving. However, some points seem clear: While TAC fully acknowledge the 
multifaceted nature of the integrated management of natural resources, it also recognizes and 
emphasizes here that the CGIAR cannot deal with all issues, challenges and opportunities. 
TAC’s perspective of INRM focuses on management of natural resources for the purpose of 
achieving the goals of the CGIAR related to poverty reduction and sustainable food security. 
 
 It is possible to argue that most aspects of INRM are inter-related and that, in a sense, 
all INRM issues and opportunities should be of concern to the CGIAR, since ultimately, in 
one way or another, they relate to the goals of the CGIAR. While this is true in theory and in 
concept, it also is true that resources within the CGIAR are limited and that many more 
institutions of diverse nature and often with greater resources than the CGIAR are tackling 
many of the issues, relationships, and research opportunities that exist in INRM. The CGIAR 
should focus on those INRM issues for which it has a comparative advantage, based on its 
many years of work in the agricultural systems of the developing world. At the same time, the 
CGIAR centres should be, and are open to, cooperation and collaboration with many other 
groups involved in researching INRM problems which do not fall in the above category.  
 
 Within the context of what TAC believes is appropriate boundaries for INRM activity 
within the CGIAR, the focus should be on the following broad natural resource areas: 
 
• integrated water and watershed management (i.e., management of land and water 
resources for the primary purpose of securing the best quantity and timing of water 
flows, and quality of water for the benefit of farmers and rural citizens, particularly 
the poor);  
• management of water as habitat for living aquatic resources for rural, coastal and 
floodplain (including estuarine) livelihood enhancement;  
• management of land and terrain resources and related flora and fauna to enhance 
sustainable agricultural production, (e.g., prevention of soil nutrient depletion, 
declining physical properties of soils, etc., when used under intensive and extensive 
agriculture);  
• management of forest environments for rural livelihood enhancement, including 
social forestry as well as through sale and personal consumption of forest outputs, 
including, but not limited to wild game, fruits, nuts, oils and other forest products; 
                                                 
4It should be noted that this section presents the authors’ thinking on TAC’s current perspective on INRM and 
how it should evolve in the near future. The matter will be fully debated at TAC81 this September, and the 
ideas and conclusions emerging from the Cali workshop/consultation will be fully taken on board in that TAC 
debate. 
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• INRM associated with intensive peri-urban agriculture, livestock and fuelwood 
production;  
• incentive systems for securing improved NRM management, e.g., through 
downstream land and water user payments to upstream land users for conservation 
activities and through other means of bringing natural resources management into the 
market system.5 
 
 These issues or opportunity areas should be dealt with in an integrated fashion, within 
the four sets of linkages that TAC defined in its S&W study:  
 
• links between productivity-enhancing and resource-conserving research (e.g., 
crop improvement and natural resources management); 
• spatial or landscape level linkages (e.g., upstream-downstream linkages in a 
watershed management framework: or scaling up from plot to farm to 
watershed); 
• temporal linkages (e.g., links between present and future, short vs. long term; 
i.e., sustainability considerations); 
• linkages between research and the diffusion/adoption of results from such 
research. 
 
We emphasize that this is not a new perspective for TAC.  
 
 TAC also recognizes, as done in the past that “cross disciplinary,” “inter disciplinary” 
or “multi disciplinary” (whichever term is preferred) research is needed to deal with these six 
major NRM areas that are of concern to the CGIAR. It also recommends using both the 
biophysical and social science components required for a balanced approach to problem 
solving research. In this regard, TAC’s view of an integrated or multi disciplinary research 
process is that (1) all relevant disciplines are brought together since the inception of the 
project and a research plan is developed under coordination; (2) researchers in each discipline 
define the components of the overall issue which are relevant and addressable by them; (3) 
researchers carry out the research in their own disciplines; (4) researchers come together 
periodically to see how the pieces are fitting together and where gaps exist; (5) finally 
researchers and practitioners come together to present results and develop an INRM 
framework to respond to the issue or opportunity in question. Obviously, using an INRM 
approach is not a guarantee for success and we have observed that, in some cases, more is 
promised from the integrated research model than actually can be delivered. Ultimately, good 
solid multidisciplinary research requires strong disciplinary input and effective coordination.  
 
 Additionally, scientific and technical developments, particularly in the information 
and communications technologies (ICT), are increasing our capabilities to carry out INRM 
                                                 
5The CGIAR has a role to play in research related to securing poor farmers with payments for environmental 
services. This is evidently coming rapidly in the picture in many countries. Not only forestry, but also 
agroforestry, agriculture and livestock have roles to play. Payments which are a relatively modest source of 
income on a per hectare basis for developed country farmers may be significant contributions to income for 
poor farmers. There are important technological issues in which the CGIAR has been involved and could get 
more engaged, both to enhance the supply of services and to monitor delivery. An INRM focus would be 
useful since poor farmers need to design the delivery of environmental services as an integral element of their 
farming systems and livelihood strategies. 
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research much more effectively, by extrapolating from point measurements to the higher 
scales in a realistic fashion. Furthermore, our understanding of the processes occurring at and 
beyond the field scale has increased substantially in recent years, thus providing new insights 
on the behaviour of ecosystems.  
 
 At the same time, interdisciplinary approaches based on agricultural, forestry and 
fisheries ecosystem sciences such as production ecology, landscape ecology, water resources 
management, and integrated pest and biodiversity management show promise for being able 
to help integrate different traditional disciplinary approaches and knowledge bases in more 
effective ways. To a large extent, the new technological developments in ICT are permitting 
this rapid progress. It is imperative that the CGIAR incorporates these new technologies and 
integrates them into its INRM research to the fullest extent possible. TAC also intends to 
devote a significant amount of time at its 81st meeting to a discussion of these themes and 
linkages. 
 
 There is no set model of INRM research. Regardless of which line of reasoning is 
followed, lessons from the past teach us that a key need is not to let the rhetoric of INRM get 
ahead of the science and not to focus too much on concepts without having common 
definitions and solid operational research approaches and procedures in mind. 
 
 In the past, research on natural resources has been too often conducted in a disjointed, 
fragmented fashion. We have now reached a situation where problems in managing natural 
resources are recognized to be multidimensional, with physical, economic social and cultural 
dimensions. It is now possible, with the modern tools of ICT and computers, to combine the 
various scientific and technological approaches to solving NRM problems with the social 
science approaches to achieve the goals of poverty alleviation and of sustainable food 
security. That should be a main focus of the CGIAR in the area of INRM.  
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APPENDIX 1: REVIEW OF OTHER TAC PAPERS OF INTEREST 
 
The S&W study provides TAC’s main thinking on INRM up through 1996, when the study 
was written. Many other studies led up to the thinking that went into the S&W study. They 
are listed chronologically in Table 1. Below a few of them are reviewed. 
 
TAC (1987) CGIAR Priorities and Future Strategies (AGR/TAC:IAR/85). TAC 
Secretariat, FAO, Rome  
 
In this paper, TAC identified sustainability and natural resources conservation and 
management as areas of high priority, and the word "sustainable" was included in the CGIAR 
goal statement in 1987. TAC recommended that the proportion of total CGIAR expenditure 
to research and related activities devoted to NRCM be increased from 7% to 13%.  
 
TAC (1988) Sustainable Agricultural Production: Implications for International 
Agricultural Research. TAC Secretariat, FAO, Rome (AGR/TAC:IAR/88/?) 
 
This paper is a direct consequence of TAC (1987) recommendation on sustainability and 
conservation and management of natural resources. The paper reviews the circumstances 
threatening sustainability, analyses ways in which international research could be more 
effective, and makes recommendations for the future work of the Centres. Sustainability is 
treated as a dynamic concept and conceived the following definition - "sustainable agriculture 
should involve the successful management of resources for agriculture to satisfy changing 
human needs while maintaining or enhancing the quality of the environment and conserving 
natural resources".  
 
Key factors determining sustainability are: the level of external input used by farmers; 
population pressure on land resources; deforestation which, in upper watersheds, is causing 
soil erosion; salinization; soil fertility depletion; desertification caused by overgrazing; and 
the problem of climatic changes which may occur due to changes in the composition of the 
atmosphere.  
 
TAC does not view research related to sustainability as a separate or discrete activity. Rather, 
concern for sustainability should be reflected in the way in which the research is approached. 
TAC therefore recommends that research at the Centres designed to generate agricultural 
innovations should be planned and conducted with a sustainability perspective. TAC further 
suggests that in formulating or revising their strategic plans, Centres should include proposals 
for maintaining a sustainability perspective throughout their programmes. TAC called for: 
increased attention to resource management including the need for measuring and monitoring 
sustainability, to ensure a balance in research between plant breeding and resource 
management, to cater for both short-term and long-term needs; greater emphasis to research 
designed to optimize productivity from the use of low levels of inputs to benefit resource-
poor farmers especially those in the less favoured environments, and to investigate aspects of 
more intensive production systems that could evolve from sound traditional systems 
(including agroforestry); and a significant increase in policy research on sustainability. 
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TAC (1990) Role of the CGIAR in Natural Resources Conservation and Management: a 
desk study of the non-associated centres IBSRAM, IFDC, IIMI, ICRAF. TAC 
Secretariat, FAO, Rome (AGR/TAC:IAR/90/6 Rev.2). 
 
TAC (1990) highlights the fact that natural resources conservation and management (NRCM) 
is central to the CGIAR mission and gaol as set down in the revised 1990 mission and goal 
statement. The statement specifically refers to "sustainable increases in the productivity of 
agriculture and forestry in developing countries" then defines agricultural sustainability as 
being "characterized by the successful management of resources for agriculture to satisfy 
human needs without degrading the environment or the natural resource base on which 
agriculture depends". 
 
The paper concludes that major problems with natural resources are detrimentally affecting 
agricultural productivity in the developing world; that research on a number of key issues is 
needed to help overcome these problems but that the research needed is much more difficult 
because of the unique characteristics of research on NRCM which bear on strategic planning. 
These are: the long-term nature of research required to address NRCM and harder to measure 
benefits and impacts compared to varietal improvement research; inadequate data for priority 
setting on impact of resource problems on production, ecology, loss of biodiversity, number 
poor people affected; favoured versus less favoured areas, with increased attention to be 
given to less favoured areas because they are particularly subject to resource degradation 
processes but research strategies have to strike a balance between the favoured and less 
favoured areas; the location specificity of the resource base but widespread nature of the 
processes of resource degradation; the need for multidisciplinary systems approach. These 
characteristics may explain the relative neglect of research on natural resources within the 
CGIAR Centres which have generally and successfully capitalized on a multidisciplinary 
commodity approach which is more clear cut in terms of prioritization, research organization 
and impact assessment. 
 
The paper raises the question as to whether or not research organized on a commodity basis 
can adequately deal with the multicommodity, and generally more complex problem of 
NRCM. Further, since NRCM research is usually location specific, national agricultural 
research systems must take primary responsibility for work on resource degradation 
problems. Nevertheless, international research centres can contribute by: (1) clearly defining 
the magnitude and potential for future consequences of the process; (2) by contributing 
methodology for characterizing and evaluating interventions in major ecological zones; 
(3) collecting, evaluating and disseminating available information from the global research 
community that is relevant to national policy choices; (4) doing actual research on a selective 
basis to both develop methodology and basic information and to provide examples of how to 
do it; (5) providing training; and (6) exploring appropriate institutional and management 
approaches. 
 
TAC (1990) A Possible Expansion of the CGIAR (AGR/TAC:IAR/90/24). TAC 
Secretariat, FAO, Rome. 
 
Sustainability of agricultural production: The report highlights the concern about the 
widespread depletion of the natural resource base for agricultural production that has grown 
over the past decades. Problems such as loss of genetic diversity, depletion of water 
resources, soil erosion, salinization, waterlogging, desertification, deforestation and 
environmental pollution threatened sustainability of agriculture in large areas of the 
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developing world. Agricultural activities can have negative environmental consequences on 
other sectors such as fisheries. Efforts to increase agricultural production substantially in 
coming decades to meet population growth will accelerate these problems unless new 
strategies are formulated and adopted. An added dimension to be considered is the 
uncertainty introduced by prospects of global climate change which could further compound 
the problems. 
 
The report points out that, within certain limits, sustainability and increased production are 
compatible gaols. Increased production on existing agricultural land reduces the pressure to 
clear and develop new lands. In the past, much of the incremental agricultural production has 
come from irrigated areas. Furthermore, intensive production systems can be managed to 
enhance land quality and reduce soil erosion. Therefore, as in the past, high priority should be 
given to research designed to increase yields. However, the past neglect of research on the 
conservation and management of natural resources must be addressed and higher priority 
given to both technical and socioeconomic aspects of sustainability. 
 
Need for international research in resource conservation and management: The combined 
impact of increasing population pressure and resource degradation points to the need for a 
broadening of the emphasis in internationally supported research to give greater weight to 
issues of resource conservation and management. Research needs in this area include for 
example: investigation of global environmental concerns; development of methods of 
ecological charaterization; conservation and evaluation of germplasm of plant and animal 
species of regional and global importance; improved understanding of natural forest ecology 
and management; natural fisheries ecology and management, including management models 
for sustainable development; soil conservation and management with special emphasis on 
better understanding of the long-term nutrient economy of tropical soils under increasing 
cropping intensity, with due consideration for trace element deficiencies in human and animal 
nutrition; better understanding of farmer decision-making under conditions of increasing land 
scarcity; development of principles and methods for management of water resources for 
irrigation and rainfed systems; and land use management and development of production 
systems. Emerging as a common theme from all the regional overviews is the message that 
continued emphasis on research topics aimed at increasing commodity productivity 
(including fuel wood) could make a significant contribution to the sustainability of resource 
management and land use. 
 
The scope of CGIAR research on natural resources: As the System contemplates a broader 
mandate by incorporating research on the management of natural resources, it will need to 
develop clearly defined criteria for evaluating the likely impact of such research on 
sustainable development. It is possible to identify some guiding principles of the CGIAR 
research related to natural resources. First, it will be important for the System to become 
involved in the measurement of rates of resource degradation and improved understanding of 
the underlying causes. Second, it needs to be acknowledged that there are areas of emerging 
global environmental concern that will inevitably have to be tackled by scientific agencies 
other than the CGIAR. Third, it would be preferable that CGIAR supported research in the 
area of sustainable resource management be set within the framework of clearly identified, 
quantifiable and realistically achievable short-term and longer-term development objectives. 
 
Critical long-term activities for possible CGIAR support: Despite the fact that natural 
resource management and its components -- agronomy, natural forest management, soils, 
water, plant nutrition, and agroecological characterization – are often categorised as being 
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“location specific”, there are and will remain strategic research issues and environmental 
problems which will transcend specific production systems and geographical and ecoregional 
regions. These include for example basic understanding of soil-water-plant relationships, 
energy balances, sustainable input/output models, transnational issues of water basins, 
migratory pests, and soil erosion. Perhaps these could be characterized as issues in the broad 
research area of the ecological foundations of sustainable production systems. Again, 
strategic research addressed to these issues is international, has economies of scale and 
should have substantial spillover into national programmes and regional mechanisms. 
 
Research supported by the CGIAR would fall into two clusters: global commodity activities 
and ecoregional activities. Global activities would be focussed on commodities and selected 
subject matter areas, such as policy management, conservation of germplasm and the 
maintenance of biodiversity. Ecoregional activities would focus on applied and strategic 
research on the ecological foundations of sustainable production systems, commodity 
improvement in collaboration with global commodity activities and interaction with national 
partners. 
 
TAC (1991) An Ecoregional Approach to Research in the CGIAR. 
(AGR/TAC:IAR/91/8). TAC Secretariat, FAO, Rome 
 
At ICW'90, the CGIAR endorsed the concept of ecoregional activities as a means of 
integrating natural resources management with productivity concerns. TAC developed a 
process utilizing agroecologically characterized regions (including associated national land 
use and socioeconomic characteristics) as a basis for a revision of the CGIAR priorities and 
strategies. It coined the term "ecoregional" to denote regionally defined agroecological 
activities. A major advantage of this ecoregional approach is that it allows geographically 
referenced ecological considerations to be readily combined with land use and socio-
economic considerations. It also permits an assessment of potential research spillovers to be 
taken into account. Ecoregional approach addresses two concerns: the strengthening of 
research on natural resources management and conservation; and the strengthening of NARS. 
The successful management of resources (soil, water, crops, livestock and trees) is a central 
tenet of the concept of sustainable agriculture. The techniques used in production and the soil 
and water management practices are a component tools for wider resource management. The 
components are shaped by criteria important to the productivity of the whole for a system 
whose sustainability depends on improving system productivity. Recognizing this, and noting 
the overriding importance of the human interaction with land base, TAC considers that 
formulation of the definition of a new integrated approach to resource management research 
is urgently needed. 
 
TAC's concept of an integrated approach to resource management research emphasizes the 
System level but also recognizes the importance of research on components such as soil and 
water management. Comprehensive problem identification, conceptualization of researchable 
issues and priority setting must occur at the System level. Execution of the search to develop 
new technologies must be done with a greater focus, i.e. at the component level. Attention at 
both levels is critically important. The reason why TAC has opposed factor research on a 
disciplinary basis is the lack, historically, of a holistic perspective vital in the integration of 
components into appropriate technological solutions. Some past efforts to develop new 
resource management technologies have failed because the research was on a disciplinary 
basis and did not take account of the socioeconomic environment of the target farmers.  
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In this regard, another important dimension to TAC's proposed integrated approach to 
resource management research is the need to tie the research into policy environment and so 
help push the pace of technology diffusion. In summary, three major considerations have 
shaped the TAC approach to resource management research: (1) Recognition of the need to 
marry the human and technical dimensions and address the in an integrated way. (2) 
Recognition of the need to adopt a system level approach and to plan and evaluate component 
research from this viewpoint. (3) Linkage of policy formulation as a key aspect of strategy. 
Three key principles for the organization of ecoregional research were recognized: systems 
approach; building multidisciplinary teams; and cooperation with NARS and global 
commodity and subject matter centres. 
 
TAC (1996) CGIAR Priorities and Strategies for Resource Allocation, 1998-2000 
(SDR/TAC:IAR/96/6.2). TAC Secretariat, FAO, Rome 
 
In this report, TAC proposed that the CGIAR System would benefit from the introduction of a 
more consistent, systematic and environmentally sensitive integrated natural resources 
management framework for research. This would serve two main purposes: one would be to 
provide a logical structure for linking the various NRM activities in the System; the other would 
be to work out, in collaboration with partners, effective ways to address the inter-related 
environmental, natural resources and human wellbeing issues that are of concern when 
considering sustainable agricultural, forestry and fisheries production. 
 
TAC’s preliminary view is that a future paradigm for NRM research in the System would have 
two main elements: 
 
Firstly, it would have a biophysical element that would combine three factors: (a) a basic 
understanding of the processes that cause NRM and environmental degradation and of how they 
are influenced by climatic conditions; (b) resource data sets and GIS techniques that allow that 
basic understanding to be extrapolated on a large enough scale to be meaningful in terms of the 
CGIAR global goals, thereby overcoming the location specificity that has constrained the 
System’s NR research in the past; and (c) the local scientific and technical skills and facilities 
needed to apply this international knowledge to the solution of particular NRM and 
environmental problems (“delivery systems”). 
 
Secondly, it would have a strong social science component to deal with the organizational and 
management challenges inherent in achieving the biophysical objectives. The number of 
institutions and different organizational cultures involved in this very broad field is likely to be 
very large and it will be absolutely essential to have effective planning and evaluation processes, 
while working in a participatory mode and controlling transaction costs. 
 
TAC (1999) CGIAR Research Priorities for Marginal Lands (SDR/TAC:IAR/96/18.1). 
TAC Secretariat, FAO, Rome 
 
The motivation of the study was driven by the following arguments. The technological 
innovations which the CGIAR System generates to achieve its goals tend to be specific to 
particular biophysical contexts. For rural poverty reduction, contextual specificity then raises 
the possibility of targeting the rural poor by focusing research on the geographical areas with 
biophysical features where the poor are most heavily concentrated. Thus, if, as conventional 
wisdom has it, that most of the rural poor are located in areas characterized by marginal (less 
endowed) lands, that marginal lands are more susceptible to resource degradation, that the 
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poor themselves are a source of environmental degradations, then technological innovations 
for marginal lands can help achieve win-win outcomes, with synergy between the goals of 
poverty reduction and sustainable NRM. If there had been an initial under investment by the 
CGIAR in research in marginal areas (as implied by the ministerial level meeting in Lucerne 
in February 1995), then a high uncaptured potential return to research on marginal lands may 
exist. TAC took initiatives to address the issue through a systematic analysis of existing 
evidence.  
 
The study found no conclusive evidence to support the view that marginal lands support a 
high proportion of the rural poor, and that the poor are the prime cause of resource 
degradation on marginal agricultural lands. In addition, it does not appear correct to say that 
the CGIAR under invested research funds for these lands. In seeking an alternative concept to 
help target CGIAR research using a geographical criterion, the Panel proposed the idea of 
“marginal area” defined as a geographical unit characterized by a high incidence of “marginal 
people” and relatively homogeneous determinants of poverty. Hence, starting from 
marginality, the question is whether one can identify relatively homogeneous regions in terms 
of causation of poverty, whether the region is characterized by marginal lands or not. Since 
data are generally not available, the validity of the Panel’s proposed alternative criterion 
remains to be tested. 
 
Based on these findings, the study made four recommendations which were endorsed by 
TAC. The first recommendation is that “the CGIAR needs to sharpen its strategic focus on 
poverty alleviation, particularly in setting priorities for research related to marginal rural 
areas. A prerequisite is development of a geo-referenced database linking land conditions 
with poverty and the processes that produce it (i.e. the dynamics of poverty)”. The second 
recommendation is that “Centres should establish new forms of partnership in order to 
effectively address their role in a broader poverty alleviation strategy related to those who 
live in marginal areas”. Recommendation 3 is that the CGIAR System should “develop 
improved mechanisms by which Centres can be involved with other partners in generating 
and interpreting improved scientific evidence on (1) the extent and magnitude of the impacts 
of agriculture, forestry, and fisheries on the degradation or enhancement of natural resources 
and the consequences for production, and food security; and (2) the linkage between poverty 
and observed resource degradation". Recommendation 4 is that “expanded collaborative 
mechanisms and activities should be developed among Centres and between Centres and their 
non-CGIAR partners, to help focus research and institution strengthening on issues related to 
adoption, adaptation, and utilization of research results that so far have remained unused” 
(particularly in the field of NRM). 
 
The study concluded that there is no simplistic characterization of the link between poverty 
and natural resource degradation. What is needed is a set of conditional statements on this 
link that establish when the relation may hold or not and why. This defines an important 
research area which the CGIAR is well placed to address. The study showed that more 
research is needed before marginal areas can be targeted to achieve CGIAR objectives and 
before research resource allocation schemes are developed that take land types into account.  
 
TAC highlighted several immediate implications for Centre and System research planning: 
 
• At the global level, the lack of correlation between land resource endowments and 
poverty, based on available data, has led TAC to propose a logframe classification that 
does not separate outputs by land type at the System level. However, Centres are 
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encouraged to consider specific targeting at the regional level where evidence supports 
the belief that the correlation between the ecoregion and poverty may hold. 
• Given the lack of proof of causal effects between poverty and land degradation, it is 
logical to proceed on the assumption that threatening land use practices and technologies 
cause resource degradation irrespective of who employs them. The targeting of degraded 
land does not selectively target poverty in most instances. 
• The analysis indicates that there are areas of marginal land that may, in fact, have a 
significant potential for research-driven productivity increases, and that the returns on 
investment in these areas may equal or surpass short-term potential on more favoured 
areas. Targeting of resources on these lands should consequently help the allocation of 
resources in terms of productivity gains. 
• To optimize the allocation of research funds between marginal and favoured agricultural 
lands for the purpose of poverty reduction, the key criterion is the marginal effect of 
research expenditures on poverty in each type of land. To date, there is little evidence of 
the measurement of these marginal effects and this issue deserves urgent attention. 
• Lessons should be drawn from CGIAR success stories in marginal areas, specifically, in 
identifying those factors (e.g. technical assistance, access to credit) which complement 
centre research to enable poor farmers to adopt technological innovations in marginal 
areas. 
• Investments in GIS applications would have significant payoff in assisting the targeting of 
marginal resource ecoregions with potential for productivity increase, and in identifying 
areas of poverty and marginal lands. 
 
TAC raised four key issues which will guide future research and resource allocation decision 
for reducing poverty. These are: the potential of biotechnology and agroforestry for the 
marginal lands; the need for a cautious analysis of the determinants of rural poverty in 
marginal areas, with a full accounting of the role of different factors; the essential need to 
have access to reliable and well-documented data on number and location of the poor in 
identifying viable strategies to alleviate poverty; and the need for attention to research issues 
related to marginal lands defined in relation to water, cost of trade supporting infrastructure, 
and distance to markets.  
 
TAC (1999) Review of Systemwide Programmes with an Ecoregional Approach 
(SDR/TAC:IAR/99/8). TAC Secretariat, FAO, Rome 
 
The purpose of the review was to assess the experiences that have been gained by the CGIAR 
Centres and their partners since 1994 in implementing the Systemwide programmes with an 
ecoregional approach. The ecoregional approach is aimed at sustainable improvement of 
agricultural productivity. It is conceptually holistic, combining human and technical 
dimensions and linking productivity and natural resource management. The most important 
conclusion is that the principles underlying the ecoregional approach are valid and of 
continuing high priority for pursuing sustainable improvement in agricultural productivity. 
Important new research has been done by programmes to characterize their regions and 
research sites, and practical benefits have been gained from enhanced technology transfer and 
adaptation. One programme has gone further than the others in relating its research sites to 
the whole area over which the problem occurs, and in scaling up to the global level its 
findings on trade-offs between environmental concerns and agricultural productivity. But the 
full power of the holistic ecoregional approach to research, especially its human and policy 
dimension, has not been fully explored. There was good evidence of effective NRM and 
productivity linkages in the research of several of the reviewed programmes, particularly at 
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the applied level. In general, there is scope for greater investment in innovative strategic 
research on NRM.  
 
The programmes have made excellent progress in developing partnerships with national 
research systems. The most successful ecoregional programmes have been the ones with a 
clear focus on a major problem, strong leadership at the top capable of articulating a vision of 
how a problem should be addressed, plus effective facilitation of collaboration at the research 
level. Many of the deficiencies seem to have stemmed from the lack of a clear general 
understanding of the meaning of the ecoregional approach. Despite this uncertainty, the 
principles of the ecoregional approach have taken a firm hold in the CGIAR community and 
are extremely positive for the future. 
 
The advice for the future is directed largely to NRM issues. A continued implementation of 
the ecoregional principles is strongly advocated. It is proposed that the CGIAR and its 
members adopt a revised framework for NRM research comprising three elements: 
(a) research should be organized around major problems or opportunities of sustainable NRM 
that are of international relevance, (b) it should use holistic systems approaches that combine 
human and technical elements to address the problems on multiple scales, and (c) it should 
provide for its progress to be measured against specific performance indicators. The 
principles underlying the revised framework be applied by all CGIAR Centres involved in 
NRM research for the sustainable improvement in productivity. 
 
Other recommendations include: strengthening collaboration with strong partners in strategic 
research on biophysical and social science and policy aspects of NRM to redress the 
frequently observed imbalance between biophysical and social science research; and 
addressing methodological issues of scaling within benchmark sites and of extrapolation from 
them. In the future, the greater part of the natural resources research in the System can be 
managed and supported at the Centre level. Only in few exceptional cases, where the research 
problem or opportunity is of major importance on a global or regional scale, should the 
CGIAR support a combined System effort. 
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NRM RESEARCH IN THE CGIAR: 
A FRAMEWORK FOR PROGRAMME DESIGN AND EVALUATION 
 
 
 There is growing awareness - some would call it concern - about the need to pay more 
direct attention to issues related to environmental sustainability as the CGIAR and its partners 
move ahead in the quest to reduce poverty and increase food security. While for some time in 
the CGIAR, there has been an explicit recognition of the importance of the environment and 
the sustainability of the natural resource base on which all food production depends, it is only 
within the past 10 to 15 years that the CGIAR System has started to think seriously about an 
overall strategy for its involvement in “sustainability research” related to the integrated 
management of the environmental resources (or natural resources) that provide the basis for 
agricultural production (see document: Evoluation of NRM Concepts and Activities in the 
CGIAR - SDR/TAC:IAR/01/18). 
 
 In tackling this increased concern about the environmental resource base for 
agriculture, the CGIAR Centre Directors (CDs) established an INRM Task Force and 
facilitated a rather large community of researchers within the System in their establishment of 
a CGIAR INRM “community of interest” or INRM group, that has met three times. Notably 
absent from the results of these meetings is a coherent Systemwide strategy for INRM 
priority setting and for operationalizing a more effective set of strategic INRM activities 
within the CGIAR. A key purpose of this background paper is to develop a concise statement 
of TAC’s views on the way ahead. 
 
 The paper builds on what TAC has said previously and does not deviate from the 
general lines of approach laid out in the Committee's 2000 Vision and Strategy (V&S) 
document. However, some questions are raised in places for consideration in moving towards 
a more integrated strategy for including the most relevant NRM priorities that the System has 
accepted in the past, i.e., a strategy for how best to bring GPI, agronomic, water, LARM, 
agroforestry and forestry research together in the quest to reduce poverty and establish 
sustainable food security for the poorest of the poor. 
 
 The background paper takes into account the often forgotten fact that the CGIAR is 
focused not only on NRM to help reduce existing poverty and food insecurity, but also on 
preventing future poverty and food insecurity by developing technologies that can help avoid 
future degradation of the natural resource base on which food, fibre, fuel and fodder 
production for the poor depends. While getting people out of existing poverty may have the 
most dramatic political visibility, preventing people from going into poverty because of 
declining food production due to environmental degradation is just as important from a 
humanitarian point of view. 
 
 The paper is brief, recognizing that the background information on TAC’s thinking is 
explored in detail in the Evolution document, SDR/TAC:IAR/01/18 - TAC Cali paper. Thus, 
this background paper covers basically the following ground:  
 
• first the context is laid out, including the priorities set out in the 2000 Vision and Strategy 
paper; 
• second, these elements are translated into a set of propositions on operational strategy; 
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• third, the propositions are linked to considerations of implications for the System related 
to the various component NRM elements involved and dealt with by the CGIAR. 
 
1. CONTEXT 
 
 As evident from the discussion in the TAC Cali Paper, TAC’s ideas on natural 
resources management research have been evolving in keeping with new knowledge, with the 
changes in CGIAR objectives and with new thinking on issues such as sustainability and 
poverty alleviation. They are still evolving. However, some points seem clear: While TAC 
fully acknowledges the multifaceted nature of the integrated management of natural 
resources, it also recognizes and emphasizes here that the CGIAR cannot deal with all issues, 
challenges and opportunities. TAC’s perspective of its role in INRM focuses on management 
of natural resources for the purpose of achieving the goals of the CGIAR related to poverty 
reduction and sustainable food security through improved sustainable food production. 
 
 It is possible to argue that most aspects of INRM are inter-related and that, in a sense, 
all INRM issues and opportunities should be of concern to the CGIAR, since ultimately, in 
one way or another, they relate to the goals of the CGIAR. While this is true in theory and in 
concept, it also is true that resources within the CGIAR are limited and that many more 
institutions of diverse nature and often with greater resources than the CGIAR are tackling 
many of the issues, relationships, and research opportunities that exist in INRM. The CGIAR 
should focus on those INRM issues for which it has a comparative advantage, based on its 
many years of work in the agricultural systems of the developing world. At the same time, the 
CGIAR Centres should be, and are open to, cooperation and collaboration with many other 
groups involved in researching INRM problems, which do not fall in the above category.  
 
 More specifically, TAC recognized in its 2000 Vision and Strategy that there are 
limits to how much and what type of NRM research the CGIAR should support. TAC 
suggested that priorities for NRM research should be determined based on the following six 
principles: 
 
1. The CGIAR should concentrate on NRM research that contributes to productivity 
enhancement and sustainability of natural resources for production of crop, livestock, 
forest and fish outputs that have impacts on poverty reduction and food security, giving 
appropriate consideration to inter-generational equity of benefits. 
2. The CGIAR Centres should use an integrated NRM focus in their planning to define 
problems in NRM that require research.  
3. International integrated NRM research should be process oriented to ensure maximum 
contribution to production of international public goods.  
4. The CGIAR should give greater attention to research to resolve water issues.  
5. Focusing NRM research around common reference locations or benchmark sites is 
essential in incorporating the many dimensions of integrated NRM.  
6. Priorities for specific NRM research themes should be determined by the CGIAR Centres 
in the context of the sustainability issues affecting productivity increases, regional 
priorities and comparative advantages of the CGIAR. 
 
 These six principles seem as relevant today as they did in 2000. They are considered 
as the basic context for the discussion that follows. 
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2. A POSSIBLE SET OF PRIORITY AREAS FOR INRM RESEARCH 
 
 Within the context of what TAC believes is appropriate boundaries for INRM activity 
within the CGIAR, candidates for priority natural resource areas for CGIAR research is as 
follows: 
 
• management of land and terrain resources and related flora and fauna to enhance 
sustainable agricultural production, (e.g., prevention of soil nutrient depletion, declining 
physical properties of soils, etc., when used under intensive and extensive agriculture);  
• integrated water and watershed management (i.e., management of land and water 
resources for the primary purpose of securing the best quantity and timing of water flows, 
and quality of water for the benefit of farmers and rural citizens, particularly the poor);  
• management of water as habitat for living aquatic resources for rural, coastal and 
floodplain (including estuarine) livelihood enhancement;  
• management of forest environments for rural livelihood enhancement, including social 
forestry as well as through sale and personal consumption of forest outputs, including, but 
not limited to wild game, fruits, nuts, oils and other forest products; 
• INRM associated with intensive peri-urban agriculture, livestock and fuelwood 
production;  
• incentive systems for securing improved NRM management, e.g., through downstream 
land and water user payments to upstream land users for conservation activities and 
through other means of bringing natural resources management into the market system.1 
 
 It is recognized that the issues and research opportunity areas could be cut in different 
ways. Thus, this is a major theme that should be debated at TAC81. Some classification of 
priorities is needed to go on to operational issues and to assess the potential 
complementarities that are so important in designing effective integrated NRM systems 
research.  
 
 The themes identified should be dealt with in an integrated fashion, within the four 
sets of linkages that TAC defined in its 1997 strategic review of soil and water research needs 
and priorities in the CGIAR:  
 
• links between productivity-enhancing and resource-conserving research (e.g., crop 
improvement and natural resources management); 
• spatial or landscape level linkages (e.g., upstream-downstream linkages in a watershed 
management framework: or scaling up from plot to farm to watershed); 
• temporal linkages (e.g., links between present and future, short vs. long term; i.e., 
sustainability considerations); 
                                                 
1 The CGIAR has a role to play in research related to securing poor farmers with payments for environmental 
services. This is evidently coming rapidly in the picture in many countries. Not only forestry, but also 
agroforestry, agriculture and livestock have roles to play. Payments which are a relatively modest source of 
income on a per hectare basis for developed country farmers may be significant contributions to income for 
poor farmers. There are important technological issues in which the CGIAR has been involved and could get 
more engaged, both to enhance the supply of services and to monitor delivery. An INRM focus would be 
useful since poor farmers need to design the delivery of environmental services as an integral element of their 
farming systems and livelihood strategies. 
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• linkages between research and the diffusion/adoption of results from such research. 
 
 These provide the context for linking research to application to implementation and 
eventual benefits in the context of the overall CGIAR goals. We emphasize that this is not a 
new perspective for TAC.  
 
 Scientific and technical developments, particularly in the information and 
communications technologies (ICT), are increasing our capabilities to carry out INRM 
research much more effectively, by extrapolating from point measurements to the higher 
scales in a realistic fashion. Furthermore, our understanding of the processes occurring at and 
beyond the field scale has increased substantially in recent years, thus providing new insights 
on the behaviour of ecosystems.  
 
 At the same time, interdisciplinary approaches based on agricultural, forestry and 
fisheries ecosystem sciences such as production ecology, landscape ecology, water resources 
management, and integrated pest and biodiversity management show promise for being able 
to help integrate different traditional disciplinary approaches and knowledge bases in more 
effective ways. To a large extent, the new technological developments in ICT are permitting 
this rapid progress. It is imperative that the CGIAR incorporates these new technologies and 
integrates them into its INRM research to the fullest extent possible. TAC also intends to 
devote a significant amount of time at its 81st meeting to a discussion of these themes and 
linkages. 
 
 There is no set model of INRM research. Regardless of which line of reasoning is 
followed, lessons from the past teach us that a key need is not to let the rhetoric of INRM get 
ahead of the science and not to focus too much on concepts without having common 
definitions and solid operational research approaches and procedures in mind. 
 
 In the past, research on natural resources has been too often conducted in a disjointed, 
fragmented fashion. We have now reached a situation where problems in managing natural 
resources are recognized to be multidimensional, with physical, economic social and cultural 
dimensions. It is now possible, with the modern tools of ICT and computers, to combine the 
various scientific and technological approaches to solving NRM problems with the social 
science approaches to achieve the goals of poverty alleviation and of sustainable food 
security. That should be a main focus of the CGIAR in the area of INRM. 
 
3. SOME MAJOR RESOURCE MANAGEMENT COMPONENTS RELEVANT 
FOR CGIAR RESEARCH2 
 
 The CGIAR has for more than a decade been dealing not only with soils, livestock, 
irrigation systems and agronomic NRM related research, but also with trees in and around 
agricultural systems (agroforestry and forestry) and with living aquatic resources 
management. In addition, in recent years, the interest in water related irrigation management 
issues has broadened out to a concern with a host of additional micro and landscape level 
water research related issues. What should TAC’s positions be on (1) the priorities that 
should be given to these various resources in the overall research agenda; (2) the directions of 
                                                 
2 Some of the ideas below are adapted from those put forth in recent EPMRs, where such seemed relevant to the    
discussion. 
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research in each area; and (3) the ways in which the complementarities between research in 
each of the different resource areas? 
 
 First, the four resource domains are briefly described in a strategic context. Second, 
some possible directions are put forth for TAC discussion of their relative importance in the 
overall INRM research picture of relevance to the CGIAR and its partners. 
 
4. A STRATEGIC PERSPECTIVE ON CGIAR ROLE IN RESEARCH 
RELATED TO SOIL MANAGEMENT 
 
Effective soil management for sustainable productivity of crops, pasture and forests is 
a foundation for most land-based CGIAR programmes. The production potential and the 
returns on crop, tree or animal systems investment is dependent on soil quality as determined 
by nutrient suppliers capacity, physical characteristics and a favourable biological condition 
for plant disease and pest balance. Centre programmes have increasingly adopted a holistic 
approach to soil management, considering the entire production system over time. Soil 
science has increasingly moved away from a crop-by crop approach. 
 
 A first essential goal in long-term management is to minimize soil loss by wind and 
water erosion. Such loss removes the critical upper layers which are rich in nutrient and 
organic matters and which serve as habitat for all-important communities of beneficial flora 
and fauna. Erosion control must be built into patterns of field contouring, crop diversity over 
time and space, use of trees, wood shrubs and grasses, as well as appropriate and highly 
reduced tillage. The land use management schemes build these into their programmes. 
 
 A second intermediate goal in soil quality is to increase equilibrium levels of soil 
carbon (organic matter). Soil organic matter is crucial to favourable physical qualities, soil 
biological activity and nutrient recycling. Maintenance of a large active fraction of organic 
matter through crop biodiversity, legumes in the rotation and keeping crop residues and 
animal manure where available in the upper 10 to 15 cm of soil through limited or zero tillage 
is critical both to maintenance of total soil organic matters and efficient nutrient cycles. High 
soil carbon equilibriums are consistent with global warming mitigation, a clear win-win 
situation. Such soil ecosystem management should always be the starting point. Nutrients 
from outside sources, including fertilizers then can be used far more efficiently, having 
greater crop response then when added to poor quality, low organic matter, “dead” soil as a 
sole crop nutrition strategy. 
 
 Centres must therefore build soil management in as part of a system strategy. Such 
measures normally require a 3 to 10 year-time frame for full response and adequate return on 
management investment. Land tenure or access must be guaranteed. In summary, it is 
becoming clear from current research that effective soil management requires careful carbon 
husbandry, appropriate low to zero tillage regime which keep residues in the upper soil layers 
with a flourishing soil flora and fauna when properly done, fertilizers inputs are 
complementary and even provide synergies with biological management. 
 
 Indicators of soil chemical, biological and carbon status can be made available for 
GIS mapping and management extrapolation over large areas. These approaches are highly 
consistent with benchmarks, watershed and other regional approaches. Finally, many of the 
molecular tools, including use of marker genes are increasingly being used to characterize 
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soil flora and fauna. The Centres can make significant contributions through the 
characterization and tracking of soil processes in this production system over time and space. 
 
5. A STRATEGIC PERSPECTIVE ON CGIAR ROLE IN RESEARCH 
RELATED TO WATER MANAGEMENT 
 
 For too long, research on water issues has been disjointed, based on traditional 
disciplinary sciences without crossing boundaries, focused on short-term issues, and lacking 
coordination and cooperation among potential partners. Surface waters were treated 
separately from ground waters; water quality, independently from water quantity and each 
sector of users (i.e., agriculture) was ignorant of all the others. This approach to research 
often led, not surprisingly, to inadequate policies that were not well suited to solve the 
problems addressed. 
 
 A consequence of the research approach described above is that progress in some 
disciplines has been lagging behind relative to others, and in some cases, they have been 
largely ignored in much of the research on water issues. It is now evident that research in the 
social sciences has not contributed sufficiently to the development of new knowledge in the 
water area, and that the progress made in the biophysical and engineering sciences, have not 
been matched by that made in social sciences research. Yet, it has been evident for some time 
that science and technology are just two components of the solution to most water problems, 
and that the economic, social, institutional, and cultural aspects of water are essential 
determinants of its use and management. 
 
 Improving the efficiency of water use in all sectors is a major challenge now and in 
the future. This is particularly important in agriculture where the focus should be in 
conducting research on the improvement of water productivity, the ratio of yield to the water 
consumptively used. It is very difficult to increase WP in the short term by changes in the 
genetic make up of crops. However, biotechnology offers new possibilities that, combined 
with the expertise that several CGIAR Centres have in crop adaptation and performance in 
adverse environments, should open an important avenue for research in the medium term. 
 
 One critical problem worldwide is the lack of reliable hydrologic data, either because 
of lack of monitoring programmes or because many of the programmes designed in the past 
for field data collection have deteriorated. One result of the inadequate data collection 
programmes is the unreliability and uncertainty of water supplies caused by the lack of 
precision in hydrologic forecasting. The problem is particularly critical in the developing 
countries where the absence of data even prevents hydrologic forecasting and rational water 
resources planning.  
 
 The last decades have seen a decline in the quality of water due to anthropogenic 
activities. Surface water quality deteriorated first but now, evidence of the lowering of 
groundwater quality is becoming apparent in many world areas. We need a better 
understanding of the physical, chemical and biological processes that determine the long-term 
changes in water quality, particularly in groundwater, which is expected to be an increasingly 
important source of supply in the future. Much progress has been made in recent years in the 
development of simulation models of contaminant transport in soils and water but more 
efforts are needed in producing means for preventing pollution, in assessing the capacity of 
environments for processing contaminants, and in predicting impacts of water quality 
changes at the ecosystem level. 
7 
 
 
 Many more research challenges could be listed but regardless of the problem tackled, 
what is most important is to approach it with the correct framework and focus. It is time to 
consider simultaneously water quantity and quality; to analyse jointly surface and 
groundwater; to bring into the analysis at the start, all the social, environmental, and health 
components that are relevant to the problem under consideration. To summarize, it would be 
hard to find an area of research where multidisciplinary approaches would be more effective 
that they can be in the area of water. 
 
6. A STRATEGIC PERSPECTIVE ON CGIAR ROLE IN RESEARCH 
RELATED TO LIVING AQUATIC RESOURCE MANAGEMENT (LARM) 
RESEARCH 
 
 Major portions of the world’s population of poor (as many as one billion people) 
depend on aquatic products for the main part of their animal protein. Yet projected 
requirements are considerably beyond projected supplies of aquatic products for human 
consumption. Many millions of people depend on fish and fishing as their source of income; 
and the numbers are growing. Aquaculture production of the world alone now contributes 
around US$ 47 billion per year (including aquatic plants). These numbers will increase 
further as other sources of protein stabilize or become more scarce. Other statistics also 
indicate the immensity of the dependence on aquatic resources by poor people. The basic 
point is clear: This is a major and important sector in meeting humankind’s need for food and 
other products; and it is a major, important area in which the CGIAR should be involved.  
 
 It also is clear that research related to LARM is at a very early stage in terms of 
application of the tools of modern science; and there is every evidence that expanded research 
in this area could have significant payoffs in terms of the goals of the CGIAR. Past research 
shows the promise that lies ahead if LARM research gets the necessary boost to bring it up to 
its potential. Thus, while capture fisheries have reached a plateau of production (around 90 to 
100 million tons) and are mainly in need of sound management to avoid future declines, the 
technical potentials for aquaculture expansion have hardly been tapped. 
 
 The aquaculture sector is the fastest growing major food production sector, increasing 
at an estimated annual rate of about 9%. And most important from the CGIAR’s perspective, 
aquaculture production is particularly important in the low-income food deficit countries 
(LIFDCs). The species base potential for aquaculture is enormous. Relatively few species are 
being used for culture. Increased aquatic food production can benefit from further research on 
candidate species representing different trophic levels. The potentials for gain are 
widespread.  
 
 Approaches to fisheries management, which are based on massive state appropriations 
of natural resources, centralized administration, policing, and heavy demands on financial 
resources, have proven to be generally ineffective and increasingly obsolete. Current 
management initiatives, such as co-management and user-based fisheries management, which 
are development-oriented, people-centered and based on traditional approaches, promise to 
be more effective for sustainably managing fisheries. These approaches depend on a broad 
approach to NRM, i.e., an INRM approach that considers coastal management in a more 
systems oriented framework that integrates fisheries, tree and forest management (e.g., 
mangrove management), with associated crop and livestock management. 
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7. A STRATEGIC PERSPECTIVE ON CGIAR ROLE IN RESEARCH 
RELATED TO “FORESTS FOR PEOPLE” (SOCIAL FORESTRY) 
RESEARCH 
 
 Whatever the revolutionary changes that will be taking place in technology related to 
travel, communication, trade, agriculture, medicine and industry - and the corresponding 
positive changes that will take place in many people's lives, the fact is that 10-20 years from 
now there will still be hundreds of millions of poor rural inhabitants; as in the past, they will 
depend centrally on forests and trees for essential ingredients for living and for gaining access 
to better lives. The CGIAR has to continue to be concerned with this component of the 
overall rural poverty challenge to find the ways to make the evolving technological 
opportunities work for the rural poor and forest-dependent people. 
 
 The Alternatives to Slash and Burn Systemwide Programme is a good example of 
where forests and agriculture – the main business of the CGIAR – come together. Some of 
the most critical environmental/INRM challenges are at the forest margins – those vast areas 
on all tropical continents where living for the poor depends both on agricultural technologies 
for oftentimes nutrient depleted fields and on technologies for gaining maximum sustainable 
food, fodder, fuel and timber for survival and for bringing people out of poverty. Research on 
forests and forest communities provides a unique opportunity to complement the more 
traditional CGIAR research related to farming systems and agricultural and livestock crops. 
The CGIAR has shown in many ways the strong, beneficial complementarities that exist; and 
in the process, it has provided strong continuing justification for continued involved in 
forestry research. 
 
 In addition, there is an expanding role for forests in production of global 
environmental services. Several CGIAR Centres have shown how systems of realistic 
payments to poor farmers for environmental services can help both in production of such 
services and in bringing poor people out of poverty. The same types of complementarities 
exist in the case of research related to watershed management, a theme that cuts across 
several resource systems. 
 
 Throughout the world, forestry is changing in concept and in practice. Countries are 
changing their policies and objectives; stakeholders are changing their management methods; 
and new values, such as the global environmental ones associated with forests (e.g., 
biodiversity, carbon sequestration, water and soil quality) are coming to the forefront. 
Devolution towards participatory management and sharing of benefits, the privatization of 
forestry, and the global awareness of the values of the local environmental and social benefits 
of trees and forests require research of new types, with new approaches and methods, and the 
collaboration of scientists from both biophysical and social disciplines, many from outside 
forestry research institutions. The CGIAR, working with its partners, is in an advantageous 
position to contribute to this research. 
 
8. A STRATEGIC PERSPECTIVE ON CGIAR ROLE IN RESEARCH 
RELATED TO AGROFORESTRY 
 
 Farmers have been blending trees with annual food crop production and livestock 
management for thousands of years ago, probably because they could obtain closer to home a 
better, more appealing diet from fruits and nuts and enjoy the shade of trees, as well as other 
direct, visible benefits from trees on their farms. In many areas, agroforestry started with 
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people introducing annual crops in among trees, rather than introducing trees into agricultural 
fields. In the early days of agroforestry, population pressure was not a problem in most areas, 
and shifting cultivation was the norm, rather than the exception in the tropics. Fallows could 
be as long as needed, because the pressures on land were slight. Fuelwood and building poles 
were available nearby. In sum, agroforestry in the early days likely was a response to quite 
obvious direct needs and wants that trees can satisfy. Only later did agroforestry become 
popular as a means of taking maximum advantage of the biophysical conditions of the soil 
and the climate.  
 
 The CGIAR, led by ICRAF, has evolved in its agroforestry research towards activities 
related to the introduction of new institutional and policy approaches, watershed and 
landscape level systems studies and, more fundamentally, improved understanding of all the 
components along the research to development continuum. These areas of research are 
needed to complement the more field oriented technical agroforestry research that is being 
undertaken by individual countries and smaller research groups.  
 
While there always is the need for more and better technology research, the CGIAR 
recognizes that much of the technology already on the shelves of research institutions is far 
ahead of practice and the ability, resources and motivation of local agencies and farmers to 
adopt it in the fields. There is a need to discover why this is so and do research on how to 
overcome the barriers to adoption of new and improved systems. Oftentimes, the barriers 
prove to be quite amenable to research, and the constraints small and easy to solve through 
research and development support. 
 
 There is need to continue: 
 
• Developing more dynamic planning processes that will permit analysis and prediction 
farther into the future of NRM needs and potentials related to agroforestry. Many 
different types of input are needed in addition to the traditional farm-level biophysical 
research inputs. Large scale simulation modelling, trend analysis tools, GIS input and 
social science research to analyse trends and predict developments, are all needed. ICRAF 
and other CGIAR Centres already have in place many of the skills that will be called 
upon; and they have linkages with ARIs interested in these issues. 
• Increasing landscape and watershed level research to understand NR interactions in 
agroforestry systems. Such research requires significant resources, interdisciplinary 
approaches, long term presence at sites, and concern for understanding externalities – all 
conditions that the CGIAR can meet but most others cannot or will not meet. The 
Systemwide programme, Alternatives to Slash and Burn, is a good example of this type of 
longer term, international collaborative programme. 
• Expanding policy research to help countries set the context for agroforestry development. 
The incentive for countries is that agroforestry can contribute both to increasing rural 
welfare and to the broader national objective of environmental enhancement and 
protection, particularly related to soil conservation and prevention of downstream 
damages from poor land use.  
• Increasing CGIAR understanding of the enabling components and conditions along a 
successful research to development continuum. Research and technology development are 
only the tip of the iceberg, so to speak, if the ultimate goals are poverty alleviation, food 
security and environmental enhancement. From technology development through 
research to adoption and successful implementation is a long way, as evidenced by past 
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experience. The CGIAR needs to continue expanding its understanding of the 
appropriateness of varied dissemination and adoption pathways under different social, 
cultural and environmental conditions.  
 
 The INRM perspective on sustainable development is essential in agroforestry 
research and will become more so as the linkages between resource utilization, management, 
and conservation practices become stronger and more direct. The integrated framework 
involves inter- or multidisciplinary research. The Panel’s view of this approach is one where 
the partners from different disciplines come together to understand the issue(s) being 
addressed and the roles of each discipline in a common framework as contributed to by all the 
disciplines involved. Each discipline then goes off to do the components agreed upon. In a 
simplified sense, the partners then come together again to reach consensus within the 
common interdisciplinary framework on the issue(s) addressed. In reality, this is an iterative 
process of successive approximations as the team moves towards acceptable solutions and 
advancements in terms of the common INRM context. 
 
9. DISCIPLINARY PERSPECTIVES IN INRM: FURTHER TAC 
CONSIDERATION NEEDED 
 
 The five NRM components listed above exist in the CGIAR at present to a greater or 
lesser extent than needed. In order to focus on strategic issues, it is necessary to cut across 
these with discussion of the role of different disciplines in social, economic, ecological, 
biological, and physical sciences. In putting forth suggestions for operationalizing INRM 
more effectively and efficiently within the overall CGIAR research framework, TAC also 
needs to come back to the four sets of linkages that it defined in its previous work on NRM, 
and to bring those together in a perspective on the appropriate way ahead along the research-
to-development continuum. This means considering explicitly the impact pathways from 
INRM problem/opportunity identification, to priority and agenda setting, to project 
formulation, implementation and dissemination, to support in application and 
implementation, and finally on to impact monitoring and assessment. Moving ahead in this 
area will not be a neat sequential process, but rather an interactive one of successive 
approximations as the projects, centres and System as a whole searches for the operational 
INRM paradigms most relevant for the CGIAR in moving towards its goals.  
 
 As INRM problem sets, priorities and potential impact areas are identified, an 
appropriate research and development (impact) processes must be developed through 
stakeholder interaction and consensus. Examples of focal areas and NRM components for 
INRM focus are given above. TAC has laid out below the elements and processes for 
developing an operational framework for any given problem or opportunity set addressed. 
The properties of concern will certainly include an operational plan to deal with scale. The 
process framework should begin with a minimum set of interacting parameters for scope, and 
then make provision to add or delete parameters as the problem set changes, progress is 
made, project resources change, or scientific breakthroughs occur. Stakeholder interaction, 
NRM coverage, (implying which disciplines are needed) and a host of other factors will vary 
with problem/opportunity type, geographic scale and with time as the project progresses. The 
points and intensity of integration also change. 
 
 TAC's role in all of this is to monitor the process, assess adequacy of the emerging 
applied frameworks, assure that the appropriate science is being accessed, that science quality 
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is acceptable, that the objectives are appropriately matched to project resources, and that 
potential impact justifies the cost. 
 
 The CGIAR is focused on resource-poor farmers in poor countries with uncertain and 
often unstable social, institutional and physical infrastructure, farmers who deal with 
production systems which depend on resiliency as much as productivity. In this case, the 
location of expertise for INRM integration within the scientific community, reside with the 
centres, and with researchers who have many years of experience in dealing with such 
complexity. The role of a Science Council in that process must be carefully thought through. 
Wisdom is as much knowing what you don't know and should not do, as much as knowing 
what you do know and should do. 
 
 It is stressed again that the outputs of INRM research will need to be relevant for the 
small-scale farmer or land user, since every day such land users deal with INRM issues, by 
taking advantage of the synergies between all the components in the farm environment, and 
in the context of the broader institutional environments they face in their communities. The 
truly successful farmers are the practitioners of INRM. 
 
 Finally, it needs to be stressed again that the CGIAR should not lay claim to 
dominance in INRM research. It needs to focus on the international public goods dimensions 
of the subject, leaving the more site specific, complementary activities to be led by its 
partners. Effective partnership is the order of the day, which implies a productive marriage of 
ideas, activities, actions, and resources and responsibilities. The result is communication and 
understanding of mutual benefits, but not necessarily resulting in equal roles and 
responsibilities for all. The CGIAR brings a number of special skills and advantages to the 
table; but these should always be considered in the broader context of complementarities or 
synergies that can be developed with other groups – NARS, private and public organizations 
in developed countries, NGOs, and farmers groups. 
 
10. COMPLEMENTARITIES: BRINGING THE PIECES TOGETHER IN A 
STRATEGIC, OPERATIONAL FRAMEWORK3 FOR ACTION 
 
 The elements and processes essential to effective INRM programmes and projects 
have been spelled out in many of the documents reviewed by TAC (Evolution of NRM 
Concepts and Activities in the CGIAR, 2001) and in notes, reports and papers from the 
Bilderberg, Penang and Cali meetings convened by the CDC task force.  
 
 Most of the elements are common to high quality research programmes in any setting, 
but understanding the integrative nature of target ecosystem processes, and the regional 
nature of stakeholder problem identification and priority setting within them is a particular 
strength of Centre experience and programmes that is reflected in outcomes from these recent 
meetings. TAC suggests the following framework (Figure 1) guide to programme planning 
and structure as well as monitoring and evaluation. The details of most elements and 
processes will change with each programme and geographical area of application. 
 
 
                                                 
3Framework here is defined as a process with common elements of design, procedure and verification that 
applies to the fullest range of INRM project sizes and problem focal areas. 
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Framework Summary 
 
 The framework for INRM/sustainable production projects or programmes has five 
elements, linked and integrated through a series of researcher/developer interactive processes: 
 
1. Partnerships: 
 
These are created beginning at a local/regional level, consisting of stakeholder and 
partners in the research/development process. There is a growing CGIAR literature on 
roles and effectiveness of CGIAR partnerships, particularly with a regional focus. 
Partnerships should begin at benchmark sites with farmer collaborators. 
 
2. Scientific structure of the programme: 
 
There are four components to structure: 
 
• Location and scale, which covers temporal dimensions, particularly for the natural 
resources components, and scale for both production systems and their natural 
resource base. Geographical scale must be built in at the design phase. It has 
scalar elements as shown in Figure 2, with function and partnerships changing at 
each level. The activities of CGIAR Centres is maximum with respect to those of 
other partners at the benchmark sites, where most of the field research is done as 
shown by the shaded areas at each level. Other partners have a much greater share 
of the work at other levels. The nature of the work changes at each level as well. 
Benchmark sites are chosen to provide key data prints along gradients of 
ecosystem or socioeconomic process and interaction. A site may be made up of 
multiple communities, watersheds or cluster of smaller units. 
 
• Social and policy domains 
 
All land and aquatic resource use systems operate within and are highly governed 
by social and policy environments. They should be outlined for each system, with 
critical elements which influence the production ecosystem targeted for attention. 
 
Social interaction and public policy nearly always interact with and influence the 
biographical relationships between production system and natural resource status. 
 
The process of programme integration through stakeholder and partner interaction 
to identify problem focal areas and their boundaries is critical to a programme’s 
scientific structure. Priority setting is a dynamic process, changing with success, 
new opportunity and new problem occurrence. The farm family is both the 
manager and primary beneficiary of the production ecosystems. 
 
• Production system and their associated NRM domains are subsets of broader 
agroecosystems. Much of present INRM discussion centres around the 
characteristics, processes and components of these agroecosystems. Elements of 
biodiversity, resiliency and sustainability are fundamental at this agroecosystems 
level. Conceptual models derived in Penang, 2000 pertain in particular to crop-
dominated agroecosystems. Those with major forestry, fisheries or livestock 
components may show differences. It is felt by agroecosystems scientists that 
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most systems have from 3 to 5 “drivers” of process which are continuous across 
gradients of environmental change, and which are key to their improvement and 
productivity. 
 
• Production system focal areas are chosen within the framework of integrated 
production systems. The focal areas must be elements of limiting technologies, 
and where CGIAR Centres have component technology expertise and advantage. 
They should be identifiable problem areas where there is reasonable scope for 
improvement. 
 
• INRM domains 
 
These are natural resource constraint areas for water, soils, biodiversity, soils or 
other resource – limitations and problem focal areas. They occur within broad 
land/resource management systems (production systems). Any given resource will 
have interaction patterns with human management practices and production 
system type. A Programme can start with either an NRM or a production system 
problem set. 
 
3. Governance of the programme must reflect a local and regional priority-setting and 
blending with stakeholder priorities up to the global level. Governance must be cost-
effective and have clear responsibilities and lines of accountability. It must be 
dynamic, driven by both resources and scientific progress. 
 
4. Financing must be of reasonable duration and at a level consistent with programme 
objectives. 
 
5. A process of programme tracking should follow the systems of logframe benchmarks 
and outputs. Impact expectations must be clear. Any programme must impact 
people’s food security and their well being, in addition to having (usually) longer-
term positive impact on the resource base. 
 
This framework contains elements essential to improving any sustainable production 
system or natural resource domain. TAC suggests it as an operational framework within 
which programmes evolve. The specifics of any production system and natural resource 
domain must be articulated at a regional level to be of any practical usefulness. The process 
of regional priority setting is as important as the eventual priorities chosen. 
 
This suggested is an outline for programme structure. Nested within this are 
operational frameworks for the production ecosystem itself and for each domain within it. 
These will change with each ecosystem type (i.e., aquatic, forest, watershed, etc.). The 
domain framework can occur at the component level, the operational level or at the level of 
underlying flows and processes. The programme structure framework suggested here is a 
general model which exists as a top-level, with structure, operational and process frameworks 
arrayed in descending order beneath it. The programme planner or evaluator must clearly 
understand that hierarchy and where each conceptual framework fits within it. Many of these 
models are spelled out in various reports coming from the INRM meetings at Penang and 
Cali. The project component diagram only is presented here for clarity and simplicity. 
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11. THE ROLE OF THE SCIENCE COUNCIL 
 
 The success and eventual impact on the lives of rural people and on the resource base 
will very much hinge on appropriate and effective scientific structure and focus of the 
programme. It is a given that management processes must be appropriate and in place. The 
complexities of problem identification and scientific or technical solutions across gradients of 
change to achieve large-scale impact is not simple. The conceptual models must be relevant, 
limiting factors clearly understood, and priorities for change evolved through stakeholder 
involvement at relevant scales. 
 
 The Science Council should assume a research and science oversight role, at least in 
the early years, during programme planning, early implementation and programme evolution 
for the CGIAR challenge programmes in particular. While the framework remains constant, 
regional and specific agroecosystem requirements will demand significant flexibility. 
Advanced laboratories may be excellent sources of component science, but they are of little 
help in the integrative science and processes effected for the new programmes. 
 
 Experience in the CGIAR with integrated systems research has repeatedly 
demonstrated that the weakest link in the process is nearly always a lack of focus on a 
clear problem set and on areas for potential impact over wide areas. The Science 
Council should focus squarely on both the quality and relevance of science in 
stakeholder-identified focal areas. 
 
 If water and climate change are to be early programme candidates, the Science 
Council should mobilize or play a key role in task forces to evolve regional priorities and foci 
within appropriate agroecosystem types and assure that an appropriate scientific structure and 
focus is embedded within effective programmes. 
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Figure 1: Framework for Programmes Sustainable Production Systems and 
INRM 
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Figure 2: Functional activities and responsibilities at each level of scale  
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WATER AND THE CGIAR: 
A DISCUSSION PAPER1 
 
 
 
1. INTRODUCTION: PURPOSE AND SCOPE 
 
 This paper has been prepared with three objectives in mind; first, to inform CGIAR 
stakeholders of the current state of water in the context of CGIAR activities and of the needs, 
challenges and opportunities for water research in the CGIAR. A second objective is to 
identify the most relevant issues and goals to be pursued in research by the CGIAR, given the 
complexity of water problems, the probable future scenarios, and the comparative advantages 
of CGIAR Centres. Finally, a vision for the future and the elements of a research agenda on 
water for the CGIAR, including possible roles of the various Centres in this area, are 
presented. The overall aim of the paper is to facilitate discussions towards the formulation of 
a common strategy for water research in the context of CGIAR’s comparative advantage and 
the evolving CGIAR framework for integrated natural resources management.2  
 
 This effort is justified by the perception that water scarcity worldwide will be a 
problem of increasing importance in the 21st Century and could affect directly the main 
objectives of the CGIAR, namely, poverty alleviation and sustainable food security. Failure 
to resolve the many conflicts related to water in the past, from local to international, indicates 
that renewed and well coordinated Systemwide research efforts will be needed to ensure 
adequate water supplies, healthy aquatic ecosystems and efficient use of water. These are but 
a few of the many goals encompassing the rational management of water resources in the 
future.  
 
 The paper presents first an introductory section on water management principles to 
delineate a framework of the water problem and to outline the role of management in 
achieving an efficient use of a scarce resource such as water. This is followed by a brief 
outline of the world water situation and of probable future scenarios. A section on major 
water issues, problems and opportunities in research, particularly in the context of CGIAR 
activities, is then presented, followed by the section on the vision for research in water 
management in the CGIAR.  
 
 
 
                                                 
1 Discussion working paper prepared by Elias Fereres and Amir Kassam. An earlier draft version of the paper 
was discussed at TAC 81 in September 2001 at CIFOR. A revised draft of the paper was distributed for 
comments to all CGIAR Centres. Their comments were incorporated in the subsequent draft which was 
discussed at iSC/TAC 82 in April 2002 at CIP. This final draft incorporates comments from iSC/TAC 82. The 
review comments from the Centres are gratefully acknowledged. Special appreciation is expressed to Hans 
Gregersen, John Vercoe, Klaas Jan Beck, Adel El-Beltagy, William Dar, Bekele Shiferaw, Don Pedon, David 
Molden, Ken Fischer, Ruth Mienzen-Dick and Jacob Kijne for their input.  
2 See: (a) TAC (2001a) Evolution of NRM Concepts and activities in the CGIAR. Paper presented at the 
Workshop on Integrated Natural Resources Management for Sustainable Agriculture, Forestry and Fisheries, 
28-31 August 2001, CIAT, Cali, Columbia. SDR/TAC:IAR/01/18, TAC Secretariat, Rome. (b) TAC (2001b) 
NRM Research in the CGIAR: A Framework for Programme Design and Evaluation. SDR/TAC:IAR/01/24 
Rev.1, TAC Secretariat, Rome. 
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2. MANAGING WATER AS A RENEWABLE RESOURCE 
 
2.1 Main Features of the Hydrologic Cycle in Relation to Water Management 
 
 Freshwater is a very small fraction of all water in the Earth. There are about 100,000 
km3/yr of precipitation of which 60 % evaporates to the atmosphere. Only less than a quarter 
of the remaining 40,000 km3 is accessible to man for diversion to various uses. 
 
 The urban, industrial, agricultural, and environmental sectors all use water diverted 
from surface and groundwater sources and storage facilities. Agriculture is the primary user 
of diverted water; two thirds of all diversions are used for irrigation worldwide. Rainfall in 
excess of that infiltrating the soil runs off to watercourses and eventually, to the oceans. On 
land, water evaporates from plant and soil surfaces, driven by solar radiation. Evaporated 
water condenses to fall as rain elsewhere, closing the hydrologic cycle.  
 
 In any watershed, incoming water in the form of rain or irrigation must be balanced 
by evaporation from soils (E) and transpiration (T) from plants (termed evapotranspiration, 
ET) plus that moving out as runoff, deep percolation and the stored soil water. It is possible 
to quantify a water balance at many scales, from an individual field, to a farm, a hydrologic 
basin or a region, up to the global scale. 
 
 Water that evaporates from a watershed is considered a loss or consumption, while 
water running off can be recovered downstream and may not be lost to the system. Thus, 
there are consumptive and non-consumptive uses of water. Water applied as irrigation may be 
used consumptively in the ET process, while the network and runoff losses may be recovered 
downstream and used by others. 
 
 Water used within a basin is not always consumed in that basin and can be used 
several times before it leaves the basin. Water conservation efforts may or may not lead to net 
water savings depending on whether the water saved is part of the recoverable or the 
unrecoverable losses. 
 
 Every time water is used, its solute load increases as of course does the chance of it 
picking up contaminants; the result is a deterioration of water quality. Such deterioration has 
many and diverse impacts, from human health to ecosystem services, and it directly affects 
the availability of water supply for many uses. 
 
2.2 Management of Water for Agriculture and the Environment 
 
 Crop plants loose large amounts of water, keeping less than one percent of what they 
transport from the soil to the atmosphere during their life cycle. Crop consumptive use is met 
by stored soil water from rainfall and/or irrigation.  
 
 When soil water supply is insufficient to meet the evaporative demand, crops undergo 
water stress and their production levels are usually reduced. Irrigation is aimed at avoiding 
water stress in periods of insufficient rainfall, although often the irrigation supply is 
insufficient to fully meet the crop demand. 
 
 Effective water management in rainfed and irrigated agriculture has very similar 
goals: maximizing the use of stored soil water and at minimizing losses to runoff and 
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percolation. There is no reason to isolate rainfed from irrigated agriculture, since in many 
agricultural systems a continuum exists from rainfed to limited to full irrigation supply.  
 
 Lack of control of runoff and percolation losses in agriculture leads to a major source 
of non-point pollution that negatively affects the environment. While some losses may be 
unavoidable, effective water management is the primary tool to minimize pollution from 
agricultural systems. Therefore, environmental impacts of agriculture are directly tied to 
water management.  
 
 Irrigated agriculture is often seen as a water source for alternative uses, given the 
large proportion of the diverted water that is used for irrigation. Irrigated agriculture can play 
an important role in mitigating water scarcity if integrative, coordinated approaches to water 
management are pursued at the basin and regional levels.  
 
 Water plays a critical role in supporting environmental services and, therefore, 
environmental water use should not be considered in isolation from other uses, including 
agriculture. There is insufficient information on environmental needs and on the functioning 
of many aquatic ecosystems, in particular those that have been altered by intensive water 
development. This is one reason why environmental demands have been a source of conflict 
among water users. 
 
 Management of these competing demands is also constrained by the absence of 
governance systems that allow for equitable sharing of the benefits of water use, whether this 
be for agriculture or maintenance of ecosystem benefits. Such governance systems need to be 
developed and provided with accurate information on the nature and distribution of the 
benefits of different forms of water use.  
 
 A number of new approaches in water and watershed management are directly 
relevant to the effective and efficient management of water resources for agriculture, 
environment, domestic consumption and industrial uses. Unless realistic options for 
significant importation of water exist, management of water resources at the watershed level 
and in an integrated fashion becomes a necessity, since there are competing uses for water as 
it flows through watersheds or catchments and river basins. Watershed management becomes 
one way to focus integrated natural resources management, when water is the main scarce 
resource of concern. The key to effective watershed management is development of 
institutional mechanisms that allow the different stakeholders in a watershed or catchment to 
effectively work together towards some common goals and targets. Thus, institutional issues 
become key in effective water management. 
 
3. THE WORLD WATER SITUATION 
 
 There is general agreement that population increase and economic growth, coupled 
with mounting awareness of the wider benefits that people obtain from water dependent 
ecosystems, are subjecting existing freshwater resources to considerable pressures today, and 
there is no question that the demands for this resource will increase significantly in the future. 
Thus, there is a generalized perception that water scarcity will be a major problem worldwide 
as we progress into the twenty-first century and that inadequate and uncertain supplies will be 
the norm rather than the exception in the future. The water scarcity problem has many 
dimensions. While there is physical scarcity in some countries and regions, there is also 
economic scarcity in many others, where lack of financial resources limit access to sufficient 
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amounts of high-quality water. While statistics vary, there is evidence that in many 
developing countries, sections of the population do not have access to safe running water, 
which is essential for a healthy life and perhaps the most basic food of all. 
 
 In the past, society responded to water scarcity by developing new supplies. That is 
not possible in many cases today, as the economic and environmental costs of new water 
developments exceed either the value of the new resource or the investment capacity of those 
demanding more resources. The alternative to new developments is conservation of existing 
resources for which a new conservation ethic is needed in all sectors of society. Agriculture 
as the primary user of diverted water is under close scrutiny. The combination of high water 
demands and apparent lack of control makes this sector particularly vulnerable to criticism, 
and the first to be looked at for conservation and redistribution of water in situations of 
scarcity. In fact, reallocation of water from agriculture to other sectors has already started in 
many areas, in particular as urban development continues at an accelerated rate and is 
expected to increase in the future. However, the role that irrigation plays in sustaining world 
food production may place a limit to the release of water from the agricultural sector. 
Opinions vary on the future water demands of the various sectors which no doubt will be an 
increasing source of conflict as competition for the scarce resource increases. Attempts to 
resolve these conflicts will need to recognise that the benefits of the different scenarios and 
their outcomes will vary greatly depending on the reliance of poor rural households upon 
water dependent ecosystems for flood recession agriculture, fisheries, livestock, and other 
products, and upon the capacity of water development projects to yield sustained increases in 
agricultural and industrial production that can improve the economic options of the poor.  
 
 Pressures on water resources have generated responses of diverse nature. A notable 
development has been the recent emergence of many international organizations and fora to 
facilitate discussions, exchanges of information and of viewpoints on many aspects of water. 
One important organization is the World Water Council, responsible for the organization of 
the World Water Forum (the most recent event took place in The Hague in 2000 and the next 
one will take place in Japan in 2003). The Global Water Partnership plays a key role in 
implementing the visions at the World Water Forums. There are many other organizations at 
the regional and even global levels, with similar objectives of disseminating ideas and 
creating awareness on critical issues. The environment created by these organizations will 
certainly contribute to the resolution of many water conflicts but in itself, is insufficient to 
solve most water problems. Most water issues have local and site-specific features that cannot 
be ignored; thus, general policies must be tailored to specific situations. Much remains to be 
done to translate broad visions into effective actions at the appropriate levels.  
 
4. ISSUES AND CHALLENGES IN WATER RESEARCH 
 
 From the research viewpoint, these are exciting times. For too long, research on water 
issues has been disjointed, based on traditional disciplinary sciences without crossing 
boundaries, largely focused on short-term issues, and lacking coordination and cooperation 
among potential partners. Surface waters were treated separately from ground waters; water 
quality, independently from water quantity and each sector of users (i.e., agriculture) was 
ignorant of all the others. This approach to research often led, not surprisingly, to inadequate 
policies that were not well suited to solve the problems addressed. 
 
 A consequence of the research approach described above is that progress in some 
disciplines has been lagging behind relative to others, and in some cases, they have been 
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largely ignored in much of the research on water issues. It is now evident that research in the 
social sciences has not contributed sufficiently to the development of new knowledge in the 
water area, and that the progress made in the biophysical and engineering sciences, have not 
been matched by that made in social sciences research. Yet, it has been evident for some time 
that science and technology are just two components of the solution to most water problems, 
and that the economic, social, institutional, and cultural aspects of water are essential 
determinants of its use and management. Insufficient research on water institutions is a 
particularly critical issue, given that in many cases, institutions are obsolete or even non-
existent. 
 
 Improving the efficiency of water use in all sectors is a major challenge now and in 
the future, given the scope for improvement that exists; however, such a goal can only be 
addressed properly when the underlying basis of water use patterns, both consumptive and 
non-consumptive, is fully researched and characterized. What are the controls and the factors 
influencing water use? What responses should be expected to changes in supply and demand? 
How dependent is food production from natural ecosystems on different levels of water flow? 
It would be particularly critical to know the responses of the different sectors to extreme 
events such as droughts. Of all sectors, knowledge of factors determining the consumptive 
use in the agricultural sector is perhaps the most advanced, although much remains to be 
uncovered, while very little is known of the basic processes underlying environmental water 
use.  
 
 One critical problem worldwide is the lack of reliable hydrologic data, either because 
of lack of monitoring programs or because many of the programs designed in the past for 
field data collection have deteriorated. Causes of that deterioration include lack of funding for 
long-term monitoring programs, diversification of government agencies with overlapping 
functions and gaps, and the decline in prestige for field activities of routine nature. One result 
of the inadequate data collection programs is the unreliability and uncertainty of water 
supplies caused by the lack of precision in hydrologic forecasting. The problem is particularly 
critical in the developing countries where the absence of data even prevents hydrologic 
forecasting and rational water resources planning. (The key question here is – what data do 
we need to be able to make better decisions). 
 
 The last decades have seen a decline in the quality of water due to anthropogenic 
activities. Surface water quality deteriorated first but now, evidence of the lowering of 
groundwater quality is becoming apparent in many parts of the world. We need a better 
understanding of the physical, chemical and biological processes that determine the long-term 
changes in water quality, particularly in groundwater, which is expected to be an increasingly 
important source of supply in the future. Thus, there is also an urgent need for developing 
new strategies for efficient groundwater recharge in different watersheds. Much progress has 
been made in recent years in the development of simulation models of contaminant transport 
in soils and water but more efforts are needed in producing means for preventing pollution, in 
assessing the capacity of environments for processing contaminants, and in predicting 
impacts of water quality changes at the ecosystem level. 
 
 In most environments, the use of water follows a continuum from the initial efforts in 
water development to the competing demands for an increasingly scarce resource. Solutions 
to the water crisis require multidimensional approaches including supply augmentation, 
demand management and enabling policy and institutional options. The exact combination of 
strategies will differ among locations and regions, as most water problems have many site-
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specific features. Research aimed at identifying what interventions will likely have the 
greatest relevance under varying biophysical, socioeconomic and cultural conditions, will be 
critical in focusing the correct solutions to water problems. 
 
 Many more research challenges could be listed but regardless of the problem tackled, 
what is most important is to approach it with the correct framework and focus. It is time to 
consider simultaneously water quantity and quality; to analyse jointly surface and 
groundwater; to bring into the analysis at the start, all the social, environmental, and health 
components that are relevant to the problem under consideration. To summarize, it would be 
hard to find an area of research where multidisciplinary approaches would be more effective 
that they can be in the area of water. 
 
5. RESEARCH ON WATER IN THE CGIAR 
 
 In the present climate, what are the major water issues relevant to CGIAR goals? The 
CGIAR has certain comparative advantages in carrying work in water at the various scales, 
from the farm up to global, that should be offered to the international community. Actually, 
recent initiatives at the global scale by IWMI highlight the potential of the CGIAR to act as a 
focal point in some critical issues. Renewed efforts in water research are now undergoing in 
most, if not all of the other 15 CGIAR Centres. While other international organizations are 
very active in many international initiatives, the CGIAR is one of the few that could 
contribute much needed research information in many world areas. The CGIAR must focus 
more on water in relation to the plight of the poor in particular. There is a need to increase the 
adaptive capacity of the poor to adapt to, and to manage the water supply and quality 
constraints. This could be achieved by focusing at the community level and by developing 
inexpensive, easy to use monitoring tools that would alert the communities of forthcoming 
problems and provide them with means to take remedial action. This action is often needed 
long before there is any hope of changes in policy and other macro-level interventions. The 
fundamental issue of water as a food requires that attention be given to the quantity and 
quality of water available for domestic use in poor households and communities. Health 
issues associated with domestic supply and with irrigation management have been important 
research themes in the CGIAR and demand increasing attention.  
 
 In the future, CGIAR Centres could effectively participate and even coordinate 
interdisciplinary research on water together with many stakeholders at the national and 
regional levels. Given the current composition, activities and comparative advantages of the 
CGIAR, it is proposed that research on water management should focus on the following four 
broad general areas: 
 
1. Improving the efficiency of water use in agriculture, via increased water productivity; 
2. Management of watersheds for multiple functions; 
3. Management of aquatic ecosystems, in particular those with boundaries with 
terrestrial ecosystems; 
4. Policy and institutional aspects of water management. 
 
 The first area concentrates most of the current efforts on water-related research of 
several CGIAR Centres and deserves the highest priority because of its direct links with one 
of the two main objectives of the CGIAR, namely that of sustainable food security. The other 
three areas have been addressed in the recent past and are emerging as important areas of 
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research for some Centres. In addition, the water Challenge Program uses basins as key units 
for research development within the program. The CGIAR also has an ongoing, cross centre 
dialogue on integrated natural resources management. This initiative focuses on several of the 
four priority areas listed above. 
 
What follows is a justification of the research needs and opportunities as well as some 
initial ideas for the development of a specific research agenda on each area. As the aim of 
water management research is to address water constraints and issues in an integrated 
manner, the four areas cannot be treated in isolation from each other. Instead of listing a fifth 
area for achieving integration, we refer readers to TAC’s views on INRM (see foot note 2).  
 
5.1 Improving the Efficiency of Water Use in Agriculture 
 
 Large amounts of water evaporate through crop plants, normally several hundred kg 
of water per kg of biomass produced; however, the supply of water to agricultural systems is 
even much more than what ends up consumed in crop transpiration. In some rainfed systems, 
only 5% of the rainfall or less is consumed as transpiration (T). In irrigated systems, some 
30% of the water input are considered normal as transpirational losses. There are, therefore, 
substantial opportunities to increase the proportion of water that is used consumptively in 
agricultural systems, thus improving the efficiency of water use. Such opportunities are very 
diverse and occur at multiple scales, from plot to farm to watershed and region and at the 
biological, environmental, and management levels. 
 
 As stated above, not all water used in agriculture is lost to the system but can be 
recovered, at least in part, and reused. Thus, efforts to improve the efficiency of water use 
may or may not lead to net water savings, depending on whether the water saved is part of the 
recoverable or the unrecoverable losses. It is therefore important to make such distinction, for 
which two general ratios are useful in expressing the efficiency of water use for biological 
production: 
 
Water Use Efficiency (WUE) = Water consumptively used in ET/Water input; and, 
Water Productivity (WP) = Yield3/ Water consumptively used in ET. 
 
 Improving WUE by reducing the water input into the plot or the farm may or may not 
result in an overall improvement for the reasons stated above. Also, some of the influencing 
factors are related to the physical infrastructures of water delivery and management. As 
discussed below, research in the CGIAR for improving WUE in agriculture should have a 
very strong institutional and social component.  
 
 The improvement of WP by increasing yield and/or reducing ET, always results in a 
reduction of agricultural water requirements. This is the reason why David Seckler correctly 
focused some years ago on improving WP as a fundamental research goal of IWMI. Actually, 
all the yield improvement research carried out by the CGIAR has made an important 
contribution to the global increase in agricultural WP experienced over the last decades. In 
contrast, very little progress has been made in reducing ET, the denominator in the WP ratio. 
 
                                                 
3 Water productivity can be quantified on the basis of biological output or economic return. 
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 The challenges and opportunities for future research in improving WP can be 
discussed around three system components: the biological (crop), the environmental, and 
the management component. Obviously, it is through synergies among such components that 
progress in increasing WP has been and will be made. 
 
 In the biological area, genetic improvement of WP has already been achieved as part 
of the yield gains effort, particularly in the irrigated systems, and more will be possible as 
effective demand for biological products continue to improve, allowing farmers to increase 
yields. Specific breeding programs aimed at improving WP, in rainfed systems, have not been 
nearly as successful except in the relatively favourable rainfed production systems. Primary 
reasons in the unfavourable rainfed systems have been the multiplicity of crop responses to 
drought and the large variability of drought-prone environments. Notwithstanding such 
difficulties that make short-term progress in drought adaptation a very uncertain proposition, 
biotechnology offers new possibilities that, combined with the expertise that several CGIAR 
Centres have in crop adaptation and performance in adverse environments, should open an 
important avenue for research in the medium term. As an example, one important goal would 
be to aim at yield stability in low rainfall years in marginal environments in an attempt to 
produce cultivars that would avoid the catastrophic impact of severe droughts but continue to 
provide bumper yields in average and good rainfall years. Another important medium-term 
research objective of producing a C4-type rice, if achieved, would increase significantly the 
WP of this major irrigated crop. 
 
 The major reason why it has been so difficult to reduce ET is that it is primarily 
dependent on the evaporative demand of the environment. That characteristic cannot be 
changed easily, but there are opportunities for WP improvement in the temperate zones and 
in cooler mid and higher altitude tropics and subtropics if crops could be raised when the 
evaporative demand is lowest; i.e., in winter. However, the primary way to reduce total ET is 
by growing a crop that has lower water requirements because of its shorter growth cycle. 
Here, crop choice, environment and management (by selecting optimal planting dates) 
interact and new research could produce excellent results if modelling is combined with 
experiments to offer the best strategies that maximize WP and income. As it is the T portion 
of ET, which determines biological performance, increasing T through rapid or continuous 
ground cover can lead to higher WP.  
 
 There are important effects of the environment in WP. WP in the summer of the arid 
zones is several times lower than in the winter of mild climates and inside greenhouses. Such 
differences, together with the opportunities that protected cultivation techniques such as 
plastic tunnels and unheated greenhouses offer for high WP and high economic returns for 
small farms, points out at the need for the CGIAR to get involved in horticultural research 
where appropriate. 
  
 The major opportunities that exists today in improving WP and that demand priority 
efforts reside within the management component. Inadequate management is the primary 
cause of the low WP that exists today in rainfed and irrigated systems. There are also 
challenges in the biophysical area related to maximizing WP under limited or deficit 
irrigation. It is very likely that many irrigated areas will not have full supplies in the future 
and will be forced to use limited supplies in an optimal fashion. Actually, large irrigated areas 
exist today that were under-designed for political reasons and suffer chronic restrictions in 
water supply. Research at optimizing a limited amount of water has been carried out in the 
past, but the new tools of spatial analysis and simulation modelling have much to add to the 
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development of effective tools for advising irrigators in optimal scheduling methods. One 
other major challenge in rainfed but also, irrigated systems, is the need to maximize the 
potential for stored soil water in the crop root zone. Water conservation measures that 
increase the fraction of rainfall that ends up in transpiration need to be developed and tailored 
to each major system. The major advances in the improvement of WP until now have been 
achieved by yield increases through improved crop husbandry. A primary issue in this regard 
is the study of the interactions between soil fertility, plant nutrition and water management, 
from the plant up to the basin level. 
 
While many of the opportunities discussed above have been partly researched, a major 
gap exists in most agricultural systems between what is known to increase WP and what is 
actually applied. This is primarily because there has been little or no involvement of social 
scientists in the research and extension efforts. Here lies a great opportunity for the CGIAR to 
link several actors and disciplines in agricultural water management research in the major 
water-limited agricultural systems of developing countries. 
 
 Traditionally, water productivity concepts have been applied mainly to crop 
production. There is no reason why water productivity concepts could not be defined for 
application to other uses of water for biological production, e.g., livestock or aquaculture. 
Demand for milk and meat is expected to double over the next 20 years. This demand needs 
to be factored into future assessments of water use and productivity. Water productivity in 
livestock production systems must be characterized in all of its dimensions. In addition 
further consideration needs to be given to developing a broader approach to water 
productivity, one that can take account of the different uses of water within the basin. This 
should in particular integrate food production from aquatic ecosystems. 
 
5.2 Management of Watersheds for Multiple Functions 
 
 The CGIAR works in areas where the environment has many functions and provides 
multiple services for the rural population. Most of those services depend on the correct 
management of watersheds, which in turn depends on having an understanding of the 
relationships among watershed components. To develop management strategies, the 
components, structure and function of the watershed must be known. For the CGIAR Centres 
working at the watershed, catchment (or whole river basin) level, it is essential to understand 
the hydrology of the area under study. Hydrologic studies should preferably be conducted at 
the watershed level rather than following arbitrary geographical boundaries. Such studies at 
the basin level can form the basis for further analysis at higher scales, such as regional or 
even global levels, where assessments on water resources and demands are important issues 
where the CGIAR can make a contribution. 
 
 Watershed management will always be carried out by multiple stakeholders at the 
local level, with more or less public and government participation. The role of the CGIAR in 
this area is as one of the partners in a multidisciplinary team in the research-to-development 
continuum, being in charge of tasks placed at the more strategic research levels. In this 
theme, hydrologic issues must be addressed in the context of human interventions, as 
property rights, collective action and stakeholders participation play key roles in effective 
watershed management. Also, as livestock and wildlife play a significant role in watershed 
and basin hydrology, research efforts on their impact in many ecosystems are needed.  
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 The CGIAR should be in the cutting edge of new approaches based on ITC 
technologies, such as remote sensing and GIS, to incorporate them into the research related to 
integrated watershed management, carried out cooperatively with other stakeholders. As an 
indicative agenda, research in the CGIAR under this topic should primarily focus on: 
 
(a) Development and tests of simulation models at the watershed level; and  
(b) Assist in the development of benchmark sites and of new methods for risk assessment and 
risk management with respect to water supply and use in basins. 
(c) Institutional and policy research related to designing optimum institutional arrangements 
for effective watershed management; 
 
5.3 Management of Aquatic Ecosystems, in Particular Those with Boundaries with 
Terrestrial Ecosystems 
 
 Research in environmental issues related to water has been largely neglected relative 
to research in other sectors. As an example, at present it is not known with any degree of 
accuracy what the water requirements are for many, if not most, of the aquatic environments. 
In some of the environments in which the CGIAR works, the aquatic environments have 
boundaries with terrestrial environments, and very complex relationships exist between the 
two ecosystems that are mostly unknown. It is obvious that knowledge of the hydrologic 
regime would be essential for the understanding of the role of water in those environments. 
Other important aspects such as the preservation of biodiversity or the assessment of the fate 
of contaminants in these ecosystems are but two examples of the urgent need to invest more 
resources in this area. 
 
 An agenda for research in this area would have numerous topics, including the 
following: 
 
(a) Characterization of the functioning of the aquatic ecosystems where the CGIAR works. 
(b) Development of simulation models with hydrologic, biological and geochemical 
components to elucidate the behaviour of such ecosystems and to propose strategies for 
improved management. 
(c) Relationships between water quantity, quality and the provision of services by aquatic 
ecosystems. 
 
 In addressing these topics particular attention should be given to the fish production 
of aquatic ecosystems. These sustain important capture fisheries in most developing countries 
and are the principal source of animal protein to many millions of people. 
 
 Finally, it must be emphasized that, particularly in the last three areas described in 
section 5.2, 5.3 and 5.4, it could not be conceived that a research programme could be 
conducted by the CGIAR without crossing disciplines and even institutions, with broad 
participation of a wide range of stakeholders, and with a multiple national/international 
partnerships. 
 
5.4 Policy and Institutional Aspects of Water Management 
 
 The urgent need for renewed research on water policy and institutions has been 
mentioned above as one critical area requiring enhancing research related to water in the 
11 
 
social sciences. The CGIAR has the potential to make significant contributions in this area 
for two reasons; it can freely exchange information and compare features of institutions in the 
various areas, and it can act as a more objective advisor when policy and management 
research is carried out on institutional development and change. In general, very little is 
known about the reasons for the adoption gaps that are so common in agricultural water 
management. The assumption that new technologies will be picked up spontaneously by 
farmers is incorrect, and insufficient attention has been paid to the dissemination of 
appropriate technologies. New knowledge on the different user-organized water institutions 
must be developed to remove a critical constraint in many areas where innovative water 
institutions could make the most important contribution to improved water management. 
There are multiple aspects integrating biophysical and socio-economic issues that could be 
covered in this area of research and, given the limited resources, priority should be given to 
in-depth assessments of the benefits of the research prior to launching the projects. 
 
 In the specific area of water and forests, policy decisions are often based on 
insufficient scientific evidence on the interactions between forests and water issues. Thus, 
there is a need for further characterization of the causal relationships that form the basis for 
the policy interventions that will ensure the delivery of expected water services by forests. 
 
 Given that many important social science research issues have not been investigated 
sufficiently, work in this area could explore broad areas of water economics, law, 
anthropology and other social sciences. In the specific area of water institutions, the research 
agenda should address: 
 
(a) Innovative institutions that would deal effectively with new problems such as equitable 
groundwater and waste water management. 
(b) Comparative studies of institutions, exploring the cultural, ethical, and religious features 
of the different entities. 
(c) The roles of prices, markets and regulations in improving water management 
(d) New methods for enhancing stakeholder participation in institutions and in defining water 
policies. 
 
6. CONCLUDING REMARKS 
 
 This discussion working paper provided a basis to initiate a debate in TAC/iSC and 
with the CGIAR Centres and other stakeholders within and outside the CGIAR regarding the 
role of the CGIAR in the water sector, the elements of an overall common CGIAR strategy 
for water management research, and CGIAR’s scientific advocacy role in the international 
arena. 
 
 Sustainable food security is inextricably linked with sustainable water security. 
Progress in achieving improvements in food and water security would depend on integrated 
NRM approaches for improving water productivity for food, livelihoods and environment. 
This paper has highlighted some of the key problems and opportunities the CGIAR must 
address through a coherent Systemwide strategy to achieve sustainable and balanced 
progress. 
 
This revised document serve as a framework delineating a common CGIAR strategy 
for water management research and advocacy. The iSC is pleased that the proponents of the 
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Challenge Programme on Water and Food found this framework useful in designing the 
Programme. 
 
The paper is being shared with CGIAR stakeholders with the iSC Chair’s report for 
information and comments. 
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WATER PRODUCTIVITY IN THE CONTEXT OF THE CGIAR1 
 
 
SUMMARY 
 
The objective of the discussion paper is twofold: to describe the opportunities for and 
constraints in improving the productivity of water in agriculture, and to assess the role of the 
CGIAR in enhancing crop yields per unit of water through interdisciplinary research studies.  
 
After a brief introduction to the paper in chapter 1, chapter 2 discusses various ways 
of expressing water use efficiency and water productivity. Different disciplines have 
developed their own parameters for expressing water use efficiency or water productivity. To 
outsiders and in interdisciplinary contacts the use of the different terms needs to be carefully 
explained. The relationships between yield and evapotranspiration are discussed in some 
detail. The dependence of yield on evapotranspiration is the cornerstone for improved water 
use in agriculture. Evaporative losses from crops are the only real losses from the system. 
Other so-called losses, such as deep percolation, runoff and evapotranspiration from non-
beneficial crops could – at least in theory − be reduced or recouped for use elsewhere.  
 
At the plant and crop level, plant breeding (both traditionally and through molecular 
biological methods) has contributed to higher yields per unit of water applied, and will 
continue to do so, e.g. by incorporating genes for drought and salinity tolerance. Various 
improved field-level agronomic practices are discussed, including their potential impact on 
the environment.  
 
At the water management level, several methods to improve the performance of 
irrigation system have been identified. Their possible implications for human health are 
discussed. Finally there are opportunities for enhancing water productivity through economic 
incentives, policy changes and institutional arrangements. 
 
Chapter 3 provides an overview of the international organizations active in global 
water issues. They range from NGO’s and UN organizations to universities and private sector 
organizations. Opportunities for collaboration of the CGIAR and these organizations and 
institutions are discussed. 
 
Chapter 4 carries on by analysing current water-related research in the CGIAR, with 
sections on plant breeding, soil and water conservation methods, system and basin level 
studies, and economics and political measures. CGIAR research priorities and strategies for 
water aspects of NMR research are discussed and an attempt is made to compare the trend in 
water research for the CGIAR with research efforts in other international organizations. It is 
pointed out that although many CGIAR centres are involved in one or more aspects of water 
productivity research, there remain gaps in water-related research that could be addressed by 
CGIAR centres. 
 
                                                 
1 Prepared by Jacob Kijne (consultant) as a background paper for TAC and SCOPAS discussions on Water and 
the CGIAR document (SDR/TAC:IAR/01/23A). 
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Future water-related research in the CGIAR is the topic of the next chapter. The 
discussion focuses on the CGIAR aims of poverty reduction and sustainability of the 
environment in the context of greater competition for water worldwide. An overview of 
research challenges in water productivity includes a discussion of the variability of basic data, 
globalization, groundwater depletion, economic considerations and global warming. 
CGIAR’s comparative advantage with respect to inter-disciplinary water productivity 
research is emphasized. As an appendix to chapter 5, a document is attached that describes 
the IWMI initiative for a worldwide Dialogue on water, food, and the environment.  
 
The paper also includes a list of references and an Annex, which provides an 
assessment of IWMI’s strategic plans based on the recent EPMR, IWMI’s latest annual report 
and Strategic Plan for 2000-2005.  
 
1. INTRODUCTION 
 
In ‘Food Secure World for All: Toward a new Vision and Strategy for the CGIAR’ 
(2000a), TAC has listed two important principles with respect to water management research. 
They are worth repeating here as introduction to this discussion paper. They are: 
 
1) The CGIAR should concentrate on Natural Resources Management (NRM) research that 
contributes to productivity enhancement and sustainability of natural resources for 
production of crop, livestock, forest and fish outputs that have impacts on poverty reduction 
and food security, giving appropriate consideration for intergenerational equity of benefits.  
This principle should be a necessary condition for undertaking NRM research in the 
CGIAR System. It derives from the fact that priority should be given to research directly 
related to the mission and goals of the System. Effective management of the natural 
environment is an activity pursued by many organizations for many different and legitimate 
purposes, including global climate change, wildlife management, ecosystem health and use 
for recreational purposes. Given the competence and large numbers of alternative suppliers, 
the CGIAR should pursue only those activities that are targeting sustainable productivity 
improvements. In some cases, such as in fisheries or forestry, this may well translate into 
protection of the resource base as a key factor governing sustainable production. 
(2) The CGIAR should give much greater attention to research to resolve water issues.  
Irrigation currently uses more water than all other sectors and agriculture faces 
competing demands for water from the urban sector. Unless properly managed, lack of access 
to fresh water may well emerge as the key constraint to global food production. Resolving 
water conflicts could become the single most important resource-management issue in the 
future, There are inter-sectoral water management issues (competing use of water for 
agriculture, drinking, industrial uses, environmental uses including fisheries) as well as issues 
within and between countries. The resolution of these issues of competing demands for water 
use may be assisted by well-focussed research to improve the efficiency of water use in 
agriculture.  
These principles set the stage on which water-related research in the CGIAR will be 
judged. In order to do so, our present understanding of the limits and opportunities for 
enhancing water productivity in agriculture will first be assessed and present water-related 
research in the CGIAR evaluated. Enhancing water productivity has been identified as one of 
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two pillars for future water development (e.g., Cosgrove and Rijsberman, 2000). The other 
pillar is the development of additional water resources, which is perceived to be far more 
difficult than increasing water productivity, especially in agriculture. The argument of − as it 
has been called − “more crop per drop” is that recycling still holds potential for saving water. 
It has been argued that gains are also possible by providing more reliable supplies, e.g., 
through precision technology and the introduction of on-demand delivery of irrigation 
supplies. Supplemental irrigation with low-cost precision technology is expected to offer a 
means for poor farmers to produce more crop with less water.  
The first aim of the paper then is to understand whether these opportunities exist. If 
there is doubt about their existence, the paper aims to identify what additional studies need to 
be carried out to ascertain under what conditions improvements in water productivity in 
agriculture are possible. A second aim of the paper, therefore, is to propose a number of 
priority topics for water management research in CG IAR and discuss how these research 
topics can be implemented in the near future. 
 
2. IMPROVING WATER PRODUCTIVITY: OPPORTUNITIES AND 
CONSTRAINTS 
 
2.1 Water Use Efficiency or Water Productivity? A Matter of Definitions  
 
The term water use efficiency (WUE) is commonly used to measure how water is 
used in agriculture. Unfortunately, the use of this term leads to a great deal of confusion. 
Efficiency is a measure of the output obtainable from a given input. In irrigation and water 
management, typically the output (yield) is related to crop consumptive use and the input is 
the water diverted to meet crop consumptive demands. Letey (1993) and Keller and Keller 
(1995), among others, have pointed out that much of the water diverted to meet the crop 
consumptive demands is not converted to vapor through evapotranspiration. Water ‘lost’ 
through runoff or seepage and percolation remains available for use if captured and applied 
elsewhere. Although the quantity of water that seeps from the root zone to the groundwater is 
not lost from the system, it does result in additional costs of pumping water from the ground. 
Furthermore, contamination with saline groundwater makes the water that seeped away less 
useful for further use; desalinization of such waters would be an additional expense.  
 
Two definitions of WUE, yield per unit of water evapotranspired and yield per unit of 
water applied, have been used extensively and continue to be used in this way. The latter 
often without clearly specifying whether the amount applied was the flow to a field, a farm or 
to some larger irrigation unit, thus adding to the confusion. Irrigation engineers commonly 
prefer some measure of the amount of water applied rather than evapotranspiration in the 
denominator of WUE for the simple reason that one can more easily measure amounts of 
water in canals and watercourses. However, focusing on water applied as irrigation water 
ignores other sources of water that contribute to crop production. The most obvious one is 
rainfall, which is easily measured, but the same is true for the much more difficult to measure 
capillary rise from a shallow watertable. Misleadingly high figures of WUE of irrigation 
water are obtained when irrigation is supplemental to significant amounts of rain during the 
growing season, which is not included in the calculation of WUE. Those WUE values are not 
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comparable to the WUE values of irrigation water obtained in semi-arid lands without rainfall 
during the growing season (Oweis etal, 1999).  
 
Using evapotranspiration in the denominator of WUE can solve this problem. 
However, the question then arises whether transpiration wouldn’t be the better parameter to 
use rather than evapotranspiration. Evaporation from moist soil between the plants is not 
essential for plant growth and can easily (but not necessarily cheaply) be reduced by the 
application of gravel and organic mulches. Purists, such as Monteith (1993), have pointed out 
that transpired water is lost rather than used. Only a small fraction of the water taken up by 
roots is used for metabolic processes and when plants ‘use’ less water because transpiration is 
restricted by high humidity, they grow faster (in other words, the efficiency of water use is 
greater). In that sense, water evaporated from moist soil contributes somewhat to the 
efficiency of water use by increasing the humidity.  
 
When irrigation engineers use the term "irrigation efficiency", they refer to the water 
required to grow a crop (i.e., evapotranspiration, percolation and seepage, leaching for 
salinity control, and land preparation) divided by the water delivered. This is the measure 
most commonly used when people speak of irrigation systems or countries with irrigation 
efficiencies of only 40%. The inverse of this “irrigation efficiency” is the "relative water 
supply", as a performance indicator of irrigation systems. Relative water supply values, say 
between 1 and 1.5 are achieved when water is scarce under conditions of good water 
management and control in the system. 
 
Economists consider parameters such as yield per unit of water applied or used, or 
yield per unit land as indices of partial productivity since the denominator takes into account 
only one resource. They may prefer to use net value of output per unit of water applied. 
Which parameter should go in the denominator, irrigation or irrigation and rain, depends on 
whether the aim is to optimize the use of irrigation water or all sources of water in a more 
holistic approach. Because farmers usually do not consider externalities (third party effects), 
or pay only part of the real cost of their water, the value of the output over supplied water 
ratio differs depending on whether it is considered from the farmers’ point of view and for the 
society as a whole. The use of water by different users under varying circumstances may 
result in different optimal values of the economic water productivity (i.e. ratio of net value of 
output over supplied water).  
 
Net farm income is arguably the correct measure of economic costs if inputs to 
agriculture, such as labor have alternative uses and if changes in production due to water 
supply and quality regulations have only a minimal effect on commodity prices. When 
changes in production do affect prices, the change in net consumer expenditure (consumer 
surplus) should be added to the change in economic welfare (Sunding et al., 1997). Gross 
farm income captures how the changes in water availability affect the market value of 
agricultural products. However, gross farm income may overstate economic impact on 
farmers if inputs that are used in conjunction with water in agricultural production may be 
used for production in other sectors of the economy. Apart from net and gross farm income, a 
third measure of economic activity and profitability is the national product. Reductions in 
agricultural income and the income from labor and other agricultural inputs have a multiplier 
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effect. A fall in the level of economic activity in agriculture, as represented by a fall in sales, 
reverberates throughout the general economy.  
 
Another important economic impact measure is how water scarcity affects 
employment in agriculture. Employment effects of water policies, both on farm and in non-
farm sectors, can be measured in terms of lost person-years. The number of lost person-years 
depends on whether the economy is growing and the unemployment rate is low, so that it is 
easier for farm workers and others losing agricultural jobs to be absorbed by other sectors of 
the economy.  
 
There are obviously various valid ways in which water productivity can be expressed. 
The concept of “more crop per drop”, propagated by IWMI in recent years, requires a clear 
definition of what it is we are talking about. ‘Crop” could refer to the marketable value or the 
total biomass produced, and “water” could mean evapotranspiration to one, and the net sum 
of all applied water, including rainfall, net change in soil water content and capillary rise, to 
another. Because of confusion with respect to the WUE term, increasingly “water 
productivity” is used to denote crop yield over evapotranspiration. We will follow this usage 
in the paper, recognizing the validity of continuous use of other terms, including WUE, 
provided the terms in numerator and denominator are clearly defined. Howell (2001) in a 
recent review discusses in more detail all aspects of the term water use efficiency as 
commonly used in the literature.  
 
2.2 Yield-Evapotranspiration Relationships 
 
The relationship between yield and evapotranspiration (ET) has been the subject of a 
number of excellent reviews (see, for example Hanks, 1984, Howell, Cuenta and Solomon, 
1990, Dinar and Zilberman, 1991, Hanks and Ritchie, 1991, Letey 1993, Howell, 1990). 
Based on work by de Wit (1958), which in turn followed from studies by Briggs and Shantz 
(1913), it is generally accepted that relative yield (actual over maximum yield) is linearly 
related to relative transpiration (actual over maximum transpiration). Data reported in the 
1980s by Hanks and his coworkers at Utah State University demonstrated that the 
relationship between yield and ET was identical whether high salinity or limited water 
availability caused water stress leading to reduced ET. However, not all field data support 
this equality, probably due to salt-induced poor soil-physical conditions, which have a 
negative effect on crop growth in addition to the osmotic effects of salts in soil water (e.g. 
Kijne et al., 1988).  
 
Experimental evidence reported by Letey (1993) supports a linear relationship 
between yield and ET for forages or total dry matter production of non-forages. A linear 
relationship between the marketable part of the crop and ET has been reported for several 
non-forage crops, such as corn, wheat, sugarbeet and potatoes. Some crops, particularly row 
crops, have a linear relationship between yield and ET that extrapolates to a finite value of 
ET at zero production. Some small amount of ET is required to achieve any production for 
these crops, primarily because of evaporation. Letey (1993) demonstrates that under these 
conditions, highest yield per unit of water evapotranspired is obtained by irrigating to achieve 
the maximum ET based on crop and climatic conditions. Relations between some crops, e.g. 
cotton lint, and ET are curvilinear, which implies that yield per unit of water evapotranspired 
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is maximal at an ET level considerably below maximum. This approach to assessing the most 
efficient water use when growing crops with curvilinear relations between yield and ET is 
valid as long as land resources are not limiting and costly. Irrigation practices that reduce 
yields require higher land area to achieve the same total production.  
 
Irrigation water salinity and irrigation uniformity significantly affect production and 
in a similar way. For a given level of applied water, yields decrease with an increase in 
salinity of irrigation water and they also decrease when the uniformity of water application 
decreases. This also leads to curvilinear relations between yield and ET, and optimal yields 
per unit of water evapotranspired are achieved at less than the maximal yield level 
corresponding to maximal ET.  
 
Usually, in definitions of WUE or water productivity, it is assumed that the crop itself 
uses all water evapotranspired. However, this is a matter of scale. The assumption is more 
likely to be correct for a farmer’s field, but at the scale of a canal command area undoubtedly 
some vegetation along canal banks and roads will benefit from the irrigation water. For this 
reason, Solomon and Burt (1999), distinguish between beneficial, non-beneficial and 
reasonable water use. Non- productive but beneficial use includes deep percolation of water 
from the root zone to maintain salt balance of the topsoil, evapotranspiration form wind 
breaks and cover crops, and also the water used in wetting of seedbeds to enhance 
germination. These distinctions have proved valuable when considering water balances on 
different scales to assess the effect of water transfers away from irrigated agriculture. 
  
2.3 Measuring Evapotranspiration 
 
Evapotranspiration is not easily measured. The driving force for transpiration is the 
difference between the saturation vapor pressure at the temperature of leaf tissue and the 
vapor pressure of external air. When the leaf and air temperature are the same, this pressure 
difference is equal to saturation vapor pressure deficit. When the foliage of a crop has 
developed to the point where ground cover is virtually complete, the rate of transpiration 
depends mainly on weather (saturation pressure deficit and wind velocity) and on the so-
called canopy conductance as used in the Penman-Monteith equation. There are indirect 
methods for the measurement of transpiration, such as the heat pulse technique tested by 
Yunusa et al. (2000), who found reasonable agreement between measured and calculated 
values of transpiration for irrigated grapevines in glasshouses. Evapotranspiration, of course, 
is made up of transpiration and evaporation. Independent measurement of soil evaporation is 
difficult. Weather and the wetness of the surface soil govern evaporation from soil under a 
growing crop, and it also varies with the degree of ground cover. Considerable progress has 
been made with the measurement of evapotranspiration for a crop with incomplete 
groundcover, but in practice this remains a complicated issue.  
 
The normal approach is not to measure ET or its components, but to estimate it using 
the FAO procedure that quantifies ET of crops (also known as their consumptive use of 
water) by multiplying a reference ET with an empirical crop coefficient. The reference ET 
represents the non-stressed ET based on weather data taken from a uniformly covered grassed 
weather station. Allen et al. (1998) describe recent advantages in this procedure which 
include the development of the so-called FAO-56 dual crop coefficient. Allen (2000) uses 
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this method in a study in which various ways of calculating ET for an irrigated area in Turkey 
were compared. Perhaps the most telling phrase in the paper is that before comparison, the 
predictions of actual ET by the FAO-56 procedure were reduced by 15% to account for the 
less than pristine crop establishment, growth and water management in the area. In general, 
the various predictions of actual ET, reported in the literature, are found to be within 20% of 
each other.  
 
Considering the inherent uncertainty in ET estimates, confidence limits of the estimated 
values should be presented if possible (see Clemmens and Burt, 1997). Unfortunately in many 
modeling studies, including those used to link possible food shortages with water scarcity, 
did not explicitly consider the effect of uncertainty in the yield-evapotranspiration 
relationship arising from uncertainty in the evapotranspiration parameter. For modeling 
studies, in case standard deviations of ET estimates cannot be calculated because of lack of 
data, one should attempt to assess the consequences of an assumed uncertainty in ET on the 
outcome of the study. 
 
2.4 Plant and Crop Level 
 
2.4.1 Enhancing water productivity by plant breeding 
 
Plant breeding over the last century has indirectly increased water productivity 
because yields have increased with no additional water consumption. Improved varieties have 
come from conventional breeding programs where selection has been for yield per unit of 
land. Most of the increases have been due to improvements in the harvest index (the ratio of 
marketable product to total biomass), that some have argued may now be approaching its 
theoretical limit in many of our major crops. The development of an appropriate phenology 
by genetic modification so that the duration of the vegetative and reproductive periods are 
matched as well as possible with the expected water supply, or with the absence of crop 
hazards, is usually responsible for the most significant improvements in yield stability. 
Planting, flowering and maturation dates are important in matching the period of maximum 
crop growth with the time when saturation vapor pressure deficit is low, and may be 
genetically modified. One way to genetically improve water productivity is to modify canopy 
development to reduce evaporation from the soil surface. Hence much work has been done on 
the selection for large leaf area during the vegetative period to increase early vigor. Recently 
reported system analysis studies of crop growth (Sinclair and Muchow, 2001) confirmed the 
importance of leaf size, seed growth rate, and depth of water extraction on water productivity.  
 
Biotechnology is considered to have great potential for the development of drought- 
or salt-tolerant crops (see, for example, the article by M.A. Altieri in the March 30, 2000 
issue of the San Francisco Chronicle, referred to in the Report of the NGO Committee, 
CGIAR MTM meeting, Dresden). At present, many researchers, including in CGIAR centres, 
are trying to find practical solutions to realize this great potential of biotechnology, e.g., by 
trying to transfer traits for virus resistance, greater nutritional value and salt tolerance into 
food crops. The expectation is that techniques in molecular biology will be useful in 
regulating some of the conservative characteristics in cultivated species that influence water 
productivity. For example, it may be that some irrigated crops are too conservative in that 
they readily shed leaves, flowers and fruiting bodies as soon as water deficits develop. The 
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genetic regulation of cyclokinin production may result in less conservative responses to 
drought and to greater yields. However, it could also be argued that conventional breeding 
could more easily and effectively alter these processes. For example, in tomatoes genes for 
growth under saline conditions are present in wild relatives of tomato. Genetic modification 
to incorporate these genes in cultivated varieties is therefore not necessary. Cross breeding of 
wild and cultivated varieties has produced good tomato varieties that grow well under saline 
conditions (Voorrips, 2000). Nevertheless, molecular biology is likely to make a significant 
contribution to the genetic improvement in water productivity by the provision of new tools, 
in the form of molecular markers, or tags, for traits plant breeders wish to select.  
 
2.4.2 Sensitive stages and crop water production functions 
 
There are two approaches to estimating crop-water production functions. The first one 
is to develop these functions from theoretical and empirical models of the several 
components of the process by which crops take up water. Parameters characterizing this 
process are either measured directly or estimated. The other approach is to estimate 
production functions by statistical analyses of the correlation between yield and production 
factors (evaporative demand, water application, soil salinity, fertility, and other variables). 
Much research has been done on the synthesis of crop-water production functions.  
 
Several researchers have developed expressions that incorporate the different 
sensitivities of crops to water stress during the various growth stages. The reason for this 
interest in sensitive stages lies in the desire to apply irrigation water in water-short conditions 
when the application of water has most effect on yield. Initially, this growth stage was taken 
into account as follows: 
 
Y/Ymax = Σ (ET/ETmax)λ 
 
where ETmax is the maximum seasonal evapotranspiration corresponding to the maximum 
yield; ET is the actual seasonal ET corresponding to actual yield; the summation is over all 
growth stages and λ is the sensitivity index of the particular growth stage. Later, Jensen 
(1968) developed an alternative formulation which has the product over successive growth 
stages rather than the summation, to account for the residual effect of a water shortage in an 
earlier growth stage. To give an extreme example, complete failure because of drought during 
the first growth stage cannot be corrected by adequate water supply later in the season. This 
interstage dependence is also known from conditioning of a plant for water stress during early 
growth stages. For example, the reduction in plant size by early stress appears to harden a 
maize crop so that a deficit following the pollination period has less effect on the yield. The 
well-known Doorenbos and Kassam (1979) equation 
 
(1-Y/Ym) = ky(1 – ET/ETm) 
 
is widely used to estimate relative crop yield from relative evapotranspiration with variable 
ky, the yield response function, for different parts of the growing season. The usefulness of 
this type of relationships between yield and evapotranspiration depends crucially on the 
accuracy of the sensitivity index λ or yield response function ky, whose values appear to be 
to some extent site specific (Vaux and Pruitt, 1983; Ghahraman and Sepaskhak, 1997). Much 
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research continues to be done on water-yield relations and sensitive growth stages, often as 
part of studies on the effect of deficit irrigation, to be discussed in a later section.  
 
2.4.3 Yield-water-salinity relationships 
 
The response of crop yield to soil salinity, mainly in the absence of water stress, has 
been studied extensively. (e.g. Maas and Hoffman, 1977, and Letey et al. 1990). Data from 
yield-water and yield-soil salinity relations have been combined with models relating saline 
water application to soil salinity to construct water-salinity-production functions that relate 
crop yield to the volume and salt content of applied irrigation water. To some extent these 
relations are simplifications of a more complicated reality since yield is related to average 
soil salinity in the root zone and over time, to the salinity and the volume of applied irrigation 
water and to the volume of drainage water. These parameters are interdependent through the 
process of leaching. Leaching to maintain an acceptable salt balance in the root zone is often 
considered by non-specialists as wasteful, especially as irrigation engineers and scientists 
appear to be in doubt about the required leaching rates and the efficiency of the leaching 
practice. For example, the extent to which so-called bypass or preferential flow through the 
soil profile influences the efficiency of leaching slats from the root zone is largely unknown. 
Because of the high cost and complexity, only a few field experiments have been done that 
were specifically designed to investigate relationships between amount and quality of 
irrigation water and the resulting yields, soil salinity and drainage volume and quality.  
 
As was alluded to before, salinity and non-uniformity in irrigation water application 
appear to have much the same effect on the yield-water response function: the response 
surface becomes skewed and flattened. Hence larger amounts of irrigation water are required 
to produce yields that are equal to those obtained with non-saline irrigation water and 
uniformly applied irrigation water. Perhaps one may conclude that yields tend to be lower in 
actual field situations, where spatial variability is a factor, than predicted by models that do 
not take variability (sufficiently) into account. In general, models seem to predict yields 
obtained with saline irrigation water reasonably well, but only up to a level of salinity of 3.5 
dS/m (e.g. Dinar et al., 1991).  
 
Likewise, the threshold relations of salt tolerance of crops, developed by Maas (1990) 
appear not to hold for actual field situations. Yield reduction has been found to occur at lower 
values of soil salinity than predicted by the salt tolerance data of Maas and co-workers (e.g., 
see Hussain et al., 1995). Salt tolerance is also dependent on growth stage. Maize (corn) 
seedlings were found to be much more sensitive to salt than older maize plants and seedling 
growth more sensitive than seedling emergence (Maas et al., 1983). Salt tolerance is 
obviously not completely predictable as it is also influenced by differences between cultivars, 
evaporative demand (e.g. temperature and humidity), soil conditions and cultural practices, 
and hence differences between measured and predicted values are expected. A serious 
limitation of virtually all water-salinity production functions is that the adverse effect of 
saline irrigation water, especially of sodic water, on soil physical conditions (i.e., reduced 
infiltration rate, lower hydraulic conductivity, crusting of soil surface and hardpans) is not 
accounted for. 
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2.5 Field Level: Agronomic Practices  
 
2.5.1 Interaction of water and nutrients 
 
Inadequate crop nutrition of irrigated crops has a negative effect on water productivity 
through reductions in leaf area, dry matter, and the quantity and quality of the economic 
yield. When nitrogen limits crop yield, higher rates of applied N increase water productivity, 
perhaps by as much as 40% (Rhoades, 1984). In general, fertilizer applications can result in 
improved root development and soil water extraction from deeper soil layers resulting in 
higher yields per unit of water evapotranspired, especially under conditions of complete soil 
cover. The interdependence of rainfall and nutrition in rainfed agriculture is complicated. 
Apparently in some rainfed situations, fertilizers reduce economic yield by permitting rapid 
early-season crop development and accelerated depletion of soil water reserves during or 
before drought-sensitive growth stages. Monitoring of site-specific water and nutrition status 
is required to establish the appropriate amounts of fertilizers for the specific soil water 
retention and rainfall conditions. General statements, such as that in sub-Saharan Africa N 
application is only economical in areas with at least 900 mm annual precipitation, cannot be 
made with confidence. Actual crop water requirements and hence water productivity depend 
primarily on rainfall variability and modality in Sub-Saharan Africa with its bi-modal rainfall 
pattern.  
 
2.5.2 Environment and water issues 
 
The environmental consequences of intensive irrigated agriculture are well 
documented. For example, farmers in USA, Australia and Western Europe now face 
constraints on their nutrient management because of the impact on the environment of their 
fertilizer applications. Nitrogen is a potential pollutant as well as an essential plant nutrient 
and fertilizer use is one of the contributing factors to elevated NO3 concentrations in 
groundwater. Deep percolation of water below the root zone following irrigation transports N 
and other fertilizer residues to the groundwater.  
 
Water quality, both in surface waters and in aquifers, is often adversely affected by 
irrigation. Experimentally quantifying the combined effects of irrigation amount, water 
salinity and N management on yield and chemical leaching is expensive, and various models 
have been developed to predict these effects. The greatest utility of these models is probably 
to account for complicated feedback mechanisms between the plant and the soil-water-
chemical system. For example, salinity reduces plant growth, which leads to lower 
evapotranspiration, which leads to more leaching and the removal of more salt and also N and 
pesticide from the root zone. In turn, reduced N causes reduced plant growth, reduced 
evapotranspiration, more leaching and even less N in the root zone. Presumably, this process 
continues until some sustainable, low-yield level has been attained. When the environmental 
situation requires reducing NO3 movement to the groundwater, the tendency has been to 
focus policy on the amount of N application to achieve this goal. Based on model studies, 
however, irrigation management has been identified as being of equal or greater importance 
than N application in reducing N leaching. This has been supported by field observations of 
NO3-N in drainage effluent from many farms in California (Pang and Letey,1998). The main 
shortcoming of the models is that no denitrification is assumed. They therefore over-predict 
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the amount of N available for plant growth or for leaching under conditions conducive to 
denitrification.  
 
Apart from its effect on water quality, also the amount of water available for 
sustaining environmental health is affected by irrigated agriculture. In many countries, 
agriculture and natural ecosystems are in a stiff competition for the scarce water resource. 
Probably in the recent past it was agriculture that was allowed to have water at the expense of 
the environment. As a consequence, wet lands fell dry and biodiversity was reduced. The 
relation between agriculture and the environment, however, is gradually changing in favor of 
the environment. Hence the importance of concerted efforts to increase the productivity of 
water in irrigated agriculture.  
 
2.5.3 Cultural practices and water productivity 
 
A number of cultural effects on water productivity have been noted in the literature. 
Cultivar selection (with its specific growing season length, harvest index, and disease 
resistance) and planting date, seeding rate, raised beds, row spacing, row orientation, 
intensity of tillage, mulches and residue management can directly affect crop yields. For 
example, it is well known that the productivity of water of crops grown during the winter is 
higher than of those grown during the summer when the evaporative demand is higher. 
Obviously, moving planting dates and growing seasons to periods of low evaporative demand 
increases the productivity of water.  
 
These various cultural and agronomic practices are effective in increasing water 
productivity through effects on crop radiation interception, the partitioning of rainfall or 
irrigation between infiltration and runoff, the partitioning of evapotranspiration between 
evaporation and transpiration, and the harvest index (Howell et al., 1990). Alternate-row 
irrigation, minimizing pre-planting and land preparation irrigation applications, and reducing 
the period between irrigation for land preparation and the transplanting of rice seedlings can 
cut down on water losses through evaporation and deep percolation. Land preparation is very 
water demanding, for example, up to 1500 mm on otherwise suitable heavy-textured soils 
that crack while drying following harvest of the previous crop (Tuong et al. (1996). As 
mentioned before, water savings at field or farm level don’t necessarily translate into savings 
at system or basin level. This depends on whether the water flows to a sink, e.g. percolates to 
saline groundwater or flows into the sea, or can be captured and reused again before it flows 
to the sink.  
 
Direct seeding of rice can probably reduce such water losses, but the evidence is not 
conclusive yet (see Guerra et al., 1998). However, it has been said that direct-seeded rice 
crops have more disease, insect and weed problems and thus would require new pest and 
weed management strategies, including the use of herbicides and pest-resistant cultivars 
(Timsina and Connor, 2001). Intermittent irrigation of rice, which allows the soil surface to 
dry out between irrigations instead of growing the rice in standing water, will also increase 
water productivity in rice cultivation. It has the added potential advantage of controlling 
malaria and Japanese encephalitis (Van der Hoek, et al., 2001).  
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Considerable uncertainty exists under actual field situations in the values of soil and 
management parameters, such as field capacity, wilting point and sowing data, which are 
essential input data for modeling studies. Soil water retention parameters (water content at 
saturation, field capacity and permanent wilting point) were found to be the most sensitive to 
errors of estimate (Bouman, 1994). For example, to obtain an accuracy of about 10% in 
predicted yield in average weather years, water content at field capacity and saturation should 
be known with 0.01 (volume fraction) accuracy, and at wilting point with 0.02 accuracy. The 
uncertainty in the simulated yield was large: there was 90% probability that simulated yields 
were between 0.6 and 1.95 times the simulated standard yield in average years. In general, 
accurate yield prediction will be conditional on the availability of accurate soil and 
management parameters.  
 
2.6 Water Management Level 
 
2.6.4 Improvements in performance of irrigation systems 
 
According to one estimate, an equivalent of at least $250 billion in current prices has 
already been spent to create irrigation capacity in developing countries alone (Bhatia and 
Falkenmark, 1992). Public irrigation investments have become an enormous burden on 
government budgets because cost recovery has fallen short of even modest targets. In many 
countries, including India and Pakistan, irrigation receipts were less than the costs of 
operation and maintenance. Annual irrigation subsidies are estimated to be of the order of 
over $500 million in Pakistan and more than twice as much in India (Bhatia and Falkenmark, 
ibid.).  
 
Without proper techniques for monitoring physical performance of irrigation systems, 
it is impossible to assess the potential benefits that may accrue from further investments to 
improve them. Identifying and evaluating indicators for irrigation performance has started 
only in recent years, and the use of such indicators is unfortunately not yet widespread. 
Molden and Gates (1990) have introduced performance parameters for adequacy, efficiency, 
dependability and equity of water delivery, which are time or space averaged values of 
temporal or spatial coefficients of variation. Sam-Amaoh and Gowing (2001) have developed 
a methodology for assessing irrigation performance in the absence of water delivery data. The 
method uses farmers’ assessments of the effectiveness of water delivery in the system and 
analyses the information using fuzzy set theory.  
 
Irrigation methods vary in their water application efficiencies (i.e., the ratio of the 
amount of water delivered to the root zone and the total amount applied to the soil) and hence 
in the attainable water productivity values. Sprinkler and drip irrigation methods have the 
potential to deliver amounts of water more closely to what is desired than surface irrigation 
methods do. But the surface irrigation methods, ranging from wild flooding to furrow 
irrigation, are the most widely used in developing countries. Various electronic control 
systems exist to improve the water application efficiency in furrow irrigation, for example by 
reducing furrow inflow before the water reaches the end of the furrow, and by controlling the 
cut-off times. A more sophisticated method monitors the rate of water advance during the 
first set of irrigations of a field. Based on these data the infiltration rate is determined and 
used to set the flow rates for subsequent irrigations of the field (Latimer and Reddell, 1990). 
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This system has the potential to improve furrow irrigation management but its use in 
developing countries is probably non-existent.  
 
Another system, also of limited applicability to date in developing countries, is the 
low-energy precision application (LEPA) which irrigates alternate furrows only. It has been 
claimed that LEPA is superior to sprinkler and traditional furrow irrigation in terms of 
application efficiency, water productivity, and energy saving potential 
 
2.6.5 Deficit irrigation 
 
Deliberately managing crop water applications to create a prescribed water deficit, 
which results in a small yield reduction that is less than the concomitant reduction in 
evapotranspiration, is usually called deficit irrigation. The potential benefits of deficit 
irrigation arise from enhanced water productivity and lower production costs if one or more 
irrigations can be eliminated. The most extensive use of deficit irrigation in the USA is in the 
Texas High Plains. De facto deficit irrigation occurred on a wide scale in India and Pakistan, 
where the original planners had designed the systems for low cropping intensities and low 
water allowances. Nowadays the situation in some parts of the Indian Subcontinent is more 
complicated with larger amounts of water available at the farm gate, and widespread 
conjunctive use of canal water and groundwater. For deficit irrigation to be successful, 
farmers need to know the deficit that can be allowed at each of the growth stages, the level of 
water stress that already exists in the root zone, and − most importantly − have control over 
the timing and amount of irrigations. Recently, an optimization model for deficit irrigation 
systems has been developed and applied to an irrigation system in Spain (Reca, et al., 2001). 
The authors claim that with a water market, irrigation supplies can be reduced to as low as 20 
to 40% of current applications if the cropping system excludes water demanding crops, such 
as corn and sugarbeet, and low profit crops (yield per unit of water), such as melon and 
potatoes. Unfortunately, the model has not been tested in the field.  
 
Perry and Narayanamurthy (1998), amongst others, have pointed out that deficit 
irrigation carries considerable risk for the farmers when water supplies are uncertain, as is the 
case with rainfall and unreliable irrigation supplies. Where water availability falls below a 
certain level, the value of the crop can fall to zero – either because the crop dies, or because 
the product is of such low quality as to be unmarketable. There is a theoretical trade-off 
between under-irrigation and uncertainty. If the amount of water that will be received is 
precisely known, the farmer can aim for the point that maximizes returns to available 
resources. If there is no water shortage, the farmer will maximize returns per unit of land by 
applying enough water to maximize net value of production per unit land. If water is scarce, 
the farmer will reduce his irrigation as appropriate to maximize returns to water. All of this 
assuming the farmer has control over timing and amount of irrigations.  
 
Flexible water delivery gives the farmer greater control over amount, frequency of 
availability and duration of irrigation supplies This is usually the case with sprinkler and drip 
irrigation, and with pumped groundwater, if the farmer owns the pump. A totally flexible 
delivery system for surface irrigation in large irrigation systems is very expensive because of 
the required over-capacity in the conveyance system. Hence the different levels of water 
delivery flexibility found for instance in California. In California’s San Joaquin Valley, 
  
14
changing from the existing fixed rotational delivery system to a more flexible on-demand 
system would allow irrigation supplies to be reduced by 35% (Lamacq and Wallender, 1994). 
However, because of frequent errors in the existing rotational delivery, errors were also 
introduced into the recommended simulated delivery schedule, which resulted in much 
smaller benefits of the suggested delivery schedule. This is in agreement with Perry’s (2001) 
observation, also from modeling studies, that fixed schedules perform within 3% of flexible 
schedules. Well executed, fixed irrigation schedules for typical field crops in India perform as 
well as sophisticated and responsive irrigation systems, which are far more expensive to 
install and more difficult to manage.  
 
Irrigation engineers and others have argued for the introduction of demand-driven 
delivery systems. Demand-driven in the Indian sub-continent is perhaps a misnomer. The 
area to be irrigated is calculated and sanctioned in relation to known (or expected) variability 
of supplies. The farmer can only ‘demand’ water when the canals in his area are running, and 
then only in a reasonable pattern of timing and flow rate. By contrast, in supply systems, 
typically with several thousand hectares as the management unit, the schedule of canal 
operation is defined in relation to the predominant cropping pattern, and the canal schedules 
are broadly adjusted in light of rainfall and its impact on farm level demands (Perry, 1993). In 
some parts of China, although the main system is supply driven, farmers do have control over 
timing and amount of water at the farm gate because the water is stored in small farm ponds.  
 
For conditions in New South Wales, Australia, with much higher rainfall during the 
growing season of wheat than in India, it was found that weather variability between years 
would cause the number of irrigations to vary from 2 to 7. Mistiming of irrigations in either a 
fixed schedule based on mean climatic data or a demand system where farmers order their 
irrigations before they know whether rain will occur or not, would lead to an inefficient use 
of water (Mason and Smith, 1981; Smith et al., 1985). The determination of suitable 
irrigation regimes is even more complex in the presence of a naturally fluctuating water table. 
In the Tarai region of India, the groundwater contribution to evaporation can vary by about 
20% between wet years and dry years (Mishra, et al., 1995).  
 
2.6.6 Health and water issues 
 
Since its inception, irrigated agriculture has been beneficial to mankind by providing 
more and better food. However, the negative effects on human health have also been apparent 
for a long time in the prevalence of water-borne diseases. The relation between water 
management practices in paddy cultivation and the incidence of malaria, schistosomiasis and 
Japanese encephalitis was alluded to in section 2.5.3 above. Intermittent irrigation can help 
reduce the incidence of these diseases.  
 
The availability of irrigation water has led to non-agricultural water use in irrigation 
systems, especially by poor people without other sources of drinking and household water. 
Depending on the quality of the water this may be beneficial or not. An important but hitherto 
rather neglected area of research is to test whether the operation of irrigation systems can be 
changed to achieve greater health benefits without negative impacts on agricultural 
performance. The use of untreated wastewater to irrigate crops, for instance in peri-urban 
agriculture, carries with it largely unknown health risks. Drainage water quality varies greatly 
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depending on its source. Generally, industrial wastewater is likely to be more hazardous than 
agricultural drainage water. However, there are exceptions, e.g. where agricultural drainage 
water contains toxic levels of such chemicals as arsenic or selenium. Increased water scarcity 
will probably lead to more use of wastewater for irrigation. Site-specific testing of water 
quality is needed, but is unlikely to happen in the near future in many developing countries.  
 
2.7 Effect of Institutions and Policies on Water Productivity  
 
Improved water productivity may achieve several goals such as increasing agricultural 
production and allowing economic growth in rural areas. However, it may be asked whether 
investments in other parts of the infrastructure are not more likely to achieve these goals than 
investments in irrigation. For example, the steady decline in poverty in India from the mid-
sixties to the early eighties was strongly associated with agricultural growth, particularly the 
Green Revolution, which coincided with massive investments in agriculture and rural 
infrastructure (Fan, et al., 1999). In IFPRI’s analysis of impact of various types of 
investments on growth and agricultural productivity, the impact of additional irrigation 
investments came third after rural roads, and agricultural research and extension. Additional 
government spending on irrigation had a significant impact on productivity growth, but no 
discernible impact on poverty reduction. While spending on irrigation and also on power 
have been essential elements in the past for sustaining agricultural growth, the levels of 
irrigation may now be such that it may be more important to maintain the systems than to 
increase them further (Fan et al., 1999). IFRI’s studies have also indicated that the marginal 
returns to several infra-structural investments in India are now higher in many rainfed areas. 
They also have a potentially greater impact on reducing rural poverty (Bhalla et al, 1999).  
 
It is difficult to account for all additional potential benefits of irrigation, such as 
health benefits resulting from better nutrition and greater rural employment, when weighing 
the pros and cons of new investments in irrigation against the benefits of other investments. 
In the past, benefits were often exaggerated in order to get an acceptable rate of return on the 
investment to ensure that the construction of additional irrigation systems would be 
implemented (Jones, 1995). Many of the irrigation benefits are site-specific and no 
generalizations can be made.  
 
Specific water related policy issues include the need to have secure water rights in 
terms of water quantity and its quality, appropriate water pricing, and laws pertaining to 
water user associations. A legally secure water right is needed in potential conflict situations 
between water users when (part of) a water right is transferred, e.g. from agricultural to urban 
regions in a regulated water market, to enhance economic water productivity. The concept of 
water rights, however, is considered completely alien in rural areas of many developing 
countries. Water pricing is equally controversial. When water is a scarce good, it becomes 
part of good management practices to measure flows and price the water. The suggested price 
level probably depends foremost on whether one sees water as an economic good or also 
recognizes its social value.  
 
Do pricing mechanisms have a role in encouraging more efficient water and energy 
use? Studies by IWMI and other, e.g. in Iran, Pakistan and India, have shown that the charge 
for water required to substantially affect demand would be about 10 times the charge required 
  
16
to cover operation and maintenance costs. A charge sufficient to cover these costs will have 
minimal effect on the demand for water (Perry, 2001). Introducing volumetric charges for 
irrigation water is difficult and involves considerable expense for the installation of 
measuring structures and for fraud prevention, especially in areas with many small farms, 
such as found in the Indian sub-continent.  
 
Laws pertaining to water user associations deal with devolution of water rights from 
centralized bureaucratic agencies to farmers and water user associations. Devolution has a 
number of advantages, one of which is the empowerment of the user by requiring user 
consent to any reallocation of water, and compensation for any water transferred.  
 
Hassam et al. (2000) illustrated the trade-off between economic efficiency and food 
self-sufficiency by an example from Sudan. They found that cotton yields per ha currently 
achieved by farmers in the Gezira generate economic returns that are sufficient to import 
about 50% more wheat than can be domestically produced on the same area. Cotton also has 
larger employment benefits than wheat. Expanding irrigated wheat production in the Gezira 
for food self-sufficiency at the expense of cotton would therefore compromise economic 
efficiency. The introduction of more effective policy measures for the adoption of improved 
wheat technologies to close the gap between potential and current yield levels could change 
the balance between the relative benefits of cotton and wheat production. A rise in the world 
market price of wheat would have the same effect. This study supports Allan’s (2000) 
argument in favor of the import of ‘virtual water’ in the Middle East instead of attempts to 
achieve food self-sufficiency in the region. As Pingali and Shaw (2001) have pointed out, 
policies designed for achieving food self-sufficiency tend to undervalue goods and the 
products of resources (e.g. land and labor) that can be traded internationally.  
 
It has been calculated that in the 1980s, 10% more yield per unit land gave rise to 4% 
more jobs in agriculture; now 10% more yield results in only 1% more jobs in agriculture 
(Michael Lipton, Crawford Lecture, 28 October 1999, CGIAR, Washington DC). Hence, 
yields have to grow much faster for employment opportunities to increase in the rural areas of 
developing countries and for more people to be able to purchase their food. This highlights 
the importance of economic growth that results in more jobs in urban and rural areas alike. 
The issue of employment in agriculture is complicated. Many young people in rural areas, for 
example in the Indian sub-continent, seem to be under- or un-employed, while at the same 
time there appears to be a labor shortage. For example, often farmers apply excessive depths 
of irrigation water to make sure all the high spots in the field are covered, rather than spend 
the labor to level the field. In other words, water is substituted for labor. This may make 
economic sense only as long as water is not scarce.  
 
There is considerable uncertainty in farmers’ behavior. Some farmers will tend to 
accept risk in anticipation of greater profit, while others will tend to avoid risk even when 
there is a potential for high profit. In terms of food security, achieving a long-term average 
lower yield, while keeping the associated risks lower, may be preferable to a somewhat 
higher long-term yield with higher risks. This is especially true for developing countries with 
lower buffering capacity in terms of food or money for lower yields in a less productive year.  
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2.8 Conclusions 
 
At least four areas of uncertainty affecting water productivity have been identified in 
this paper. First, there is uncertainty in the estimation and measurement of 
evapotranspiration. There is also uncertainty in models relating crop yields and the amount 
and quality of applied water. Thirdly, there is considerable discrepancy between yield 
prediction from models with a limited number of variables and the actual yields obtained in 
farmers’ fields. And finally, there is uncertainty in farmers’ behavior vis-à-vis choices that 
involve risk taking, especially when they are faced with less water than they were used to.  
 
Soil matric stress (because the soil is dry), osmotic stress (because of high salt content 
in soil), non-uniformity of water application, and spatial variability of crop stand, soil 
characteristics, fertilizer application, probably all happen at the same time in farmers’ fields. 
These fields, consequently, exhibit different yield-growth factor relationships than occur 
under controlled experimental conditions, resulting in reduced growth and lower water 
productivity. Monitoring these various factors in farmers’ field is probably the only way to 
improve our ability to predict actual yields. This type of field experiments is expensive. 
Models can help in understanding the complexity of interacting factors affecting yield, but 
they have to be verified under actual field conditions.  
 
Deficit irrigation, which in theory may lead to higher water productivity, carries 
considerable risks for farmers if they have insufficient control over their water supply. 
Conditions for success of deficit irrigation were found to include flexibility in amount and 
timing of water delivery and farmers’ control over water delivery. Improvements in water 
delivery schedules to ensure high water productivity are not easy and come at a cost. 
Unfortunately, benefits and costs of deficit irrigation and of various other cultural practices 
that could lead to higher water productivity are usually not assessed. Therefore, we don’t 
know why these improved technologies and other agronomic and cultural practices have not 
been adopted or at least not on a wide scale. Further work on the conditions for success of the 
introduction of water productivity enhancing measures, including water pricing and water 
markets should include economic analyses. Much of the work, including the field 
experiments mentioned in the previous paragraph, could be done by or in collaboration with 
national agricultural research centres. Obviously, this type of applied research remains 
immensely important. 
 
As some of the examples in this chapter make clear, research focus in developing 
countries and in the western world have moved in different directions. In the latter, the focus 
of research in water management has shifted to include environmental problems (other than 
salinity). Sophisticated models, for example developed in California for water, nutrient and 
salt balances in irrigated lands, have at present only limited application in developing 
countries. This is not only a matter of availability of data but it also results from far less 
political and societal attention in most developing countries for the negative impact of 
agriculture on the environment. This is bound to change over time as for instance illustrated 
by the existence of environmental action groups with respect to dam building.  
 
Enhancement of scientific knowledge on the pressing issues in water productivity in 
agriculture, with specific reference to the problems in developing countries, should therefore 
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be an important research area for CGIAR centres in collaboration with NARS, as will be 
discussed in a later chapter.  
 
A fundamental question that was raised in this chapter concerns the economic utility 
of further investments in irrigation development other than operation and maintenance of 
existing systems. It is recognized that there are vast differences in this respect among 
developing countries, and IFPRI’s conclusions for India can not be assumed to be valid for 
other countries without further studies. But it certainly points to an important research area. 
From this review it is not immediately apparent whether greater gains in water productivity in 
agriculture are to be expected from improvements in irrigation (e.g. better system 
performance, re-use of drainage water, etc.) or from genetic improvements in our common 
food crops.  
 
3. CURRENT WORLD SITUATION ON WATER: INTERNATIONAL 
ORGANIZATIONS AND COOPERATION 
 
There are many international organizations mandated to work on some aspects of 
water. There are at least four categories: international NGO’s and UN institutes, international 
research institutions, university departments whose studies are of international importance, 
and private sector organizations.  
 
3.1 NGO’s and UN Institutes 
 
The Global Water Partnership (GWP) and the World Water Council (WWC) belong 
in the first category. They were started some five years ago with the specific aim of bringing 
the various users of water together. GWP is an association covering all uses of water and 
focuses on integrated water resource management (IWRM). In its first few years GWP 
developed the concept of IWRM as a holistic, interdisciplinary way of studying and 
managing water management at a river basin lev el, which includes economic and 
environmental issues in the use of water resources. GWP initiated several discussions 
between different water users. The organization played a major role in the preparations for 
the Second World Water Forum, held in March 2000 in The Hague, the Netherlands, for 
which GWP wrote a document entitled Towards Water Security: A Framework for Action. 
One of the objectives of this plan was to get activities going in several parts of the world. 
GWP has now evolved into a network of regional partnerships. GWP is not a research 
organization but supports the synthesis of knowledge as well as capacity building. GWP 
assists in developing awareness on critical water issues, but the World Water Council was set 
up with the explicit aim of developing awareness on water issues. Every three years a World 
Water Forum is convened every three years by WWC. At the second of such meetings, in The 
Hague, the World Water Vision was presented which was prepared under the guidance of the 
WWC.  
 
FAO’s Water Resources Development and Management Services (AGLW) has as its 
mission to promote efficient use and conservation of water resources to achieve food security 
and sustainable agriculture and rural development. One of the key programs is the 
dissemination of statistics on irrigated agriculture through the AQUASTAT program (e.g., 
the recently produced Atlas on Water Resources and Irrigation in Africa, on CD-ROM). 
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Others are the preparation of state-of-the-art papers on technical subjects, staging technical 
consultations on water management topics, and organizing training seminars and country 
reviews. The aim of AGLW’s Water and Sustainable Development Program is to implement 
the promotion of sustainable agriculture through the application of the principles of integrated 
rural water management in agriculture, aquaculture and agroforestry. This program doesn’t 
seem to be as active now as it was in the early 90’s. FAO-AGLW is an active partner of 
IWMI as will be explained below.  
 
Other international organizations, which are IWMI’s partners in the Dialogue2 on 
Water, Food, and the Environment to be launched at the Stockholm Water Symposium in 
August 2001, are the International Commission on Irrigation and Drainage (ICID, a world-
wide organization of practitioners in irrigation and drainage), World Conservation Union 
(IUCN), United Nations Environment Program (UNEP), and the World Health Organization 
(WHO).  
 
3.2 International Research Organizations 
 
One of the other, non-CGIAR, international research organizations is the International 
Program for Technology Research in Irrigation and Drainage (IPTRID). It is based at FAO 
and was set up by the World Bank to promote research in irrigation and drainage in the public 
sector. It is not a research organization itself, but was supported by and collaborated with 
several research organizations. It has undergone a recent (2001) review and was found to 
require substantial change. It is envisaged that it will link more closely than in the past with 
advanced research organizations. IPTRID is expected to form a network of institutions to 
coordinate some of the irrigation and drainage research. Its impact so far on irrigation and 
drainage research worldwide has been small.  
 
Recently the International Center for Biosaline Agriculture, (ICBA) has started its 
work in Dubai with support from the Islamic Development Bank. Its research and 
development focus includes irrigation with brackish water, propagation and management of 
halophytes for optimum production, and plant genetic resource characterization, evaluation, 
documentation and data management. The institute will initially address the problems in the 
member countries of the Gulf Cooperation Council, and later on scale up to deal with similar 
problems in other arid and semi-arid countries, especially in the Mediterranean region. 
ICARDA and CSA have signed a Memorandum of Understanding with ICBA. 
 
Others included in this category are national institutions with an international 
mandate. These include the International Institute for Land Reclamation and Drainage (ILRI) 
in Wageningen, the Netherlands, which aims to assist applied research institutions in 
developing countries to obtain, to translate, and to apply development-related international 
knowledge for more sustainable use of land and water. Another, also located in the 
Netherlands, is International Institute for Infrastructural, Hydraulic, and Environmental 
Engineering (IHE) in Delft. Its objective is to be an international platform where the transfer 
of knowledge is taking place to all parts of the developing world. Two institutes are located 
                                                 
2 The Dialogue will be discussed in Chapter 5, as it is part of future water-related research and development in 
the CGIAR. All IWMI’s partners in this Dialogue are listed there.  
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in Great Britain: the Institute of Irrigation and Development Studies (IIDS) in Southampton, 
which aims to be a centre of excellence for teaching in water-related engineering for rural and 
urban communities in less developed countries. The other is HR Wallingford Overseas 
Development Unit (ODU) with its mission to be a viable expert group capable of assisting 
poorer countries in improving the productivity of their investments in water resources 
through innovative solutions and problem solving capabilities.  
 
Of equal or perhaps even greater importance are national research institutes in 
developing countries, such as the Soil Salinity Research Institute in Karnal, India, the 
National Water Research Center in Egypt, and the Pakistan Agricultural Research Council of 
Pakistan, to name but a few.  
 
None of these lists are exhaustive but they serve as illustrations of institutions that so 
far have been much involved in the development and dissemination of synthesized 
knowledge in the field of water resources for agriculture.  
 
3.3 University Departments 
 
Many universities in the USA, Europe and Australia have departments involved in 
research and teaching of issues of considerable significance for the improvement of water 
productivity in agriculture. Some of this work was mentioned in Chapter 2. Several 
universities have entire departments with an international, water-related focus. At other 
universities there are just one or a few staff members with international experience (e.g., as 
former staff members of CGIAR centres) who continue to do research studies of relevance 
for water problems in developing countries.  
 
In the USA, two universities come to mind where there is a designated institute for 
water-related work: the International Irrigation Center at Utah State University, Logan, Utah. 
This Institute is linked with the Department of Biological and Irrigation Engineering, which 
(under different names) has a long history of relevant irrigation and drainage studies. The 
other is Cornell International Institute for Food, Agriculture and Development, at Cornell 
University, Ithaca, NY. The latter institute has a broader mandate than IIC at Logan, Utah, 
but it also has a long history of research and development of water-related issues. Institutes at 
other US universities may be less well known than these two, but several other (e.g., the 
Leopold Center for Sustainable Agriculture at Iowa State University, Ames, Iowa) are also 
involved in development studies, including water related research. The Berkeley, Davis and 
Riverside Campus of the University of California have also done much water-related 
research, but in recent years the emphasis has shifted from field studies to model studies, 
many of which address environmental problems associated with US agriculture, which are 
not yet relevant for developing countries. 
  
3.4 Private Sector Organizations 
 
Engineering consultancy firms in western and developing countries continue to be 
active in the construction, maintenance and rehabilitation of irrigation and drainage systems 
in developing countries. As best they are involved in the application of synthesized 
knowledge, perhaps generated at their own organizations or developed at recognized research 
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institutions. At worst, their work still shows the same shortcomings and imperfections that 
have characterized much irrigation construction and rehabilitation work over the last fifty 
years. Organizations, such as GWP and others mentioned above stimulate the dissemination 
of research findings that are relevant to the work of the engineering firms.  
 
One of the members of GWP is the Water Association Worldwide (WAW), which 
itself is a network of associations of private sector firms from many countries. Member 
organizations of the WAW are American Water Resources Association, American Water 
Works Association, Associacion Interamericana de Ingenieria Saitaria y Ambiental, 
Australian Water Association, Environmental and Water Resources Institute of the American 
Society of Civil Engineers, Charter Institute of Water and Environmental Management, 
European Water Association, International Water Association, New Zealand Water and 
Wastes Association, and Water Environment Federation. The private sector organizations 
brought together in WAW appear to be mainly from western countries and Latin America. 
Perhaps no such umbrella organizations exist in Asia and Africa, which would make it more 
difficult to involve local engineering firms in a dialogue on policy matters or disseminate to 
them recently acquired knowledge on best practices for improving water productivity in 
agriculture. 
 
3.5 Conclusions 
 
Opportunities for collaboration between CGIAR and international organizations on 
water productivity issues exist at various levels. In terms of research, strategic and applied, 
the most likely candidates are other international and national research organizations, not 
only in the western world but increasingly also in developing countries, most of which were 
not mentioned by name. Other potential research collaborators include university departments 
and individual researchers with relevant experience and interests.  
 
On policy matters and awareness building collaboration can be channeled through 
organizations such as GWP and WWC which reach many different water users in a wide 
range of countries. An example of the latter is IWMI’s initiative on the Dialogue on Water, 
Food, and the Environment to be discussed in more detail elsewhere in the paper.  
 
Collaboration with the private sector on research issues is always complicated by the 
fact that many engineering firms cannot make their research findings available as an 
international public good. On policy matters, under the umbrella of GWP and WWC, 
collaboration with the private sector may be more fruitful.  
 
4. WATER-RELATED RESEARCH IN THE CGIAR: PAST EXPERIENCES 
AND PRESENT SITUATION 
 
4.1 Introduction 
 
The research studies in the field of water productivity that are currently being 
undertaken by CGIAR centres can be categorized in four groups. These are plant breeding for 
greater tolerance for drought conditions and salinity; studies on soil and water conservation 
measures at field and farm level; water management studies at system and basin level; and 
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studies on the economics and policies that are expected to enhance water productivity in 
agriculture. These categories will be used in the following overview, which is the result of a 
desk study of the most recent annual reports of the centres, some medium term plans, and 
various TAC documents that will be referred to in the text. In section 4.6 we will assess 
current research activities in view of the CGIAR priorities and strategies for water aspects of 
research in natural resource management (NRM).  
 
4.2 Plant Breeding Research  
 
All commodity centres are involved in crop genetic improvement programs, both 
though conventional plant breeding and molecular biology. CIMMYT, for example, in a 
paper on “reducing plants’ thirst at molecular level” describes plant breeding to increase 
tolerance of maize for drought and nitrogen stress. Centres are working together on 
developing technologies in molecular biology that appear to be promising in this respect. The 
1999 Strategic Planning Workshop on Molecular Approaches for the Genetic Improvement 
of Cereals in Water-limited Environments has given a boost to this inter-centre exchange of 
information. It appears that in maize, rice, wheat, sorghum and millet the same genome 
regions are linked to an important component of drought tolerance, the duration of the 
anthesis-silking interval. The approach of identifying molecular markers is expected to speed 
up the selection process. As in the development of high quality protein maize, the 
biochemical work may prove to be indispensable in studies on disease and pest control, 
which probably is now the focus of attention of most CGIAR molecular biology research, but 
also for drought and salt tolerance studies. CIMMYT and IRRI are collaborating in a maize-
rice functional genomics project, which seeks to discover the key genes responsible for 
drought tolerance and to produce molecular tools that will enhance breeding for the requisite 
traits. 
 
Meanwhile conventional breeding programs continue unabated. WARDA, for 
example, reports on studies aiming at widening the genetic base of the West African rice 
germplasm by successfully introgressing useful genes from indigenous rice varieties into 
Oryza sativa to produce progenies with higher tolerance for and resistance to major yield-
limiting stresses in West Africa. CIMMYT has developed experimental varieties of wheat for 
marginal rainfed environments that were derived from wild varieties and yield up to 2 T/ha 
where other material is dying from drought. They also report on experimental wheat varieties 
for irrigated conditions that produce well with only two irrigations instead of the usual four or 
five. ICARDA continues to develop germplasm for improved drought tolerant barley, durum 
wheat, and food and feed legumes in collaboration with its partners for North Africa and 
West Asia. Collaboration in these studies with national partners is mentioned by most 
centres. For example, IRRI mentions the contributions from Chinese partners who through 
conventional breeding had developed good high-yielding varieties of upland (non-irrigated) 
rice that do well despite lack of water.  
 
4.3 Soil and Water Conservation Measures 
 
Conservation tillage and bed planting systems in rainfed wheat production have led to 
water savings of 30 to 40% according to studies reported by CIMMYT. The adoption of these 
technologies in some Latin American countries apparently increases 10 fold each year.  
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IRRI reported results of research on water management for rice fields. Variations in 
management included maintaining soil saturation after 40 days of growth, or just before the 
plants flower. A second one involved reducing the water level from a depth of five cm to soil 
saturation just a week after transplanting. The third variation was a more complex system of 
abandoning standing water altogether and irrigating the field every four days to keep the soil 
saturated throughout the growth of the crop. Reducing water levels limited percolation losses 
from the field, but also led to yield reduction of up to ten percent. If the soil was allowed to 
dry out to less than saturation, yield losses were greater still.  
 
ICRISAT has studied means of preventing the large run-off losses often associated 
with the short intense burst of rain in semi-arid countries. Inexpensive, small earthen dams 
were found to be effective in reducing gully erosion and forming seasonal reservoirs that 
recharge depleted wells and extend the cropping season through supplemental irrigation. 
Land-forming appropriate for small farmers included various treatments such as the 
formation of bunds, staggered trenches, silt traps, tied ridges, ridge/furrow combinations, 
contour planting, grassed waterways, vegetative barriers, and dug-out ponds. All of these help 
to conserve water and cause it to infiltrate into the soil where crops can use it. Water that is 
not taken up by the crop raises the water table and also the water level in wells for drinking 
water.  
 
Minimum or no-till relay cropping keeps the soil protected during high intensity rains 
and shades the soil thus keeping the surface temperatures low and providing better growth 
conditions for soil-fertility-enhancing organisms. ICRISAT’s studies at the Patancheru 
research station have quantified the potential of these techniques when applied in an 
integrated fashion. Evaporation and percolation losses were reduced from 45% to 19% of 
total rainfall, and runoff losses from 25% to 14%. Soil losses from erosion declined by 75% 
and sorghum yields increased more than threefold to 4 T/ha. Soybean yields and those of 
other leguminous food crops were more than doubled. It is now being attempted to repeat 
those successes in community watersheds in Ethiopia, Thailand, Vietnam and elsewhere in 
India.  
 
In the Rice-Wheat Consortium (RWC), IRRI, CIMMYT and the NARS of India, 
Pakistan, Bangladesh and Nepal are working together. RWC’s aim is to help sustain the 
productivity of the rice-wheat rotational production system of the Indus-Gangetic Plain. It has 
four areas of attention: tillage and crop establishment, integrated nutrient management, 
integrated water management and system ecology/integrated pest management. One of 
RWC’s achievements has been its awareness that factor productivity in the rice-wheat 
production areas was falling. It recently reported on the successful adoption of zero tillage in 
Haryana, India.  
 
Studies on supplementary irrigation conducted by ICARDA have shown that water 
used in supplementary irrigation, i.e. small amounts of irrigation supplementing rainfall that 
by itself would not suffice for crop production, is far more efficient than irrigation applied 
without considering rainfall. ICARDA is also involved in soil water management studies that 
aim to increase the amount of rainwater stored in the root zone by reducing runoff.  
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ICARDA is one of the co-convenors of the Optimizing Soil Water Use Consortium, a 
constituent part of the System-wide Soil, Water, and Nutrient Management Program. The 
Consortium’s aim is to develop sustainable and profitable agricultural production in dry areas 
based on the optimal use of available water. ICARDA and ICRISAT together with NARS 
and extension services work in 12 countries in West Asia and Africa. Another collaborative 
effort is the collaborative research program for sustainable agricultural development in 
Central Asia and the Caucasus in which nine CGIAR centres participate (CIMMYT, CIP, 
ICARDA, ICRISAT, IFPRI, IRRI, IPGRI, ISNAR and IWMI). 
 
It has been estimated that the potential beneficial results from some rather simple 
changes in land management, such as reduced tillage methods, could annually ‘save’ as much 
as 5 billion m3 irrigation water and 0.5 billion liter diesel fuel and also reduce pesticide use 
significantly (Sanchez, 2001). The diesel fuel savings alone would represent an annual 
reduction of 1.3 million tons of carbon emissions (the principal contributor to global 
warming). These savings may turn out to be overestimated because the so-called saved water 
is likely to be used on additional land, perhaps downstream in the basin, or pumped up from 
the groundwater for other users or for agriculture elsewhere. Nevertheless, these land 
management changes are beneficial and it is worthwhile to introduce them as widely as 
possible through participatory approaches with the farmers involved.  
 
4.4 System and Basin-Level Research 
 
In recent years, IWMI has issued several reports on water management at the level of 
irrigation systems and river basins. Two results of these studies are of importance in the 
context of this paper. The first one is the distinction between irrigation efficiency and water 
productivity, mentioned in chapter 2 of this paper, where it was explained that irrigation 
water not consumed by the plants in evapotranspiration can be − and often is − used again 
downstream. Hence low values of the traditional irrigation efficiency at field or farm level do 
not necessarily imply wasteful use of water at system or basin level. However, we should 
keep in mind also that water management in many irrigation systems can and should be 
improved.  
 
The other important result is the development of irrigation performance parameters 
that make it possible to rank irrigation systems according to a set of parameters. These 
include indicators of irrigated agricultural output, i.e. production per unit area and per unit of 
water diverted from the source or actually consumed by the crop. The standardized gross 
value of production is one of the indicators that were developed to compare irrigation 
performance across irrigation systems. To eliminate the effect of local prices, equivalent 
yields are calculated based on local prices of the crops grown, compared to the local price of 
the predominant, locally grown, internationally traded base crop. This equivalent production 
is then valued at world prices. Relative water supply, i.e. total water supply, including rainfall 
and capillary rise, over crop demand, and relative irrigation supply, i.e. irrigation supply over 
irrigation demand, are also used as irrigation performance parameters.  
 
IWMI reported data for the productivity of water in more than 40 irrigation systems 
worldwide, which demonstrate a 10-fold difference in the gross value of output per unit of 
water consumed by evapotranspiration. Some of this difference is due to the price of grain 
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versus high valued crops, and certainly not all agriculture can be devoted to high valued 
crops. But even among grain producing areas, the differences are large, demonstrating a 
potential for improved water productivity. In areas where water has become scarce, such as in 
China, IWMI and partners have indeed monitored significant increases in water productivity. 
 
ICRISAT in its Medium Term Plan for 2000-2002 identifies as one of many areas of 
attention the study of options for more efficient management of watersheds and catchments 
and to quantify interactions of natural resource endowments on crop performance and water 
productivity. IWMI and ICRISAT have signed a Memorandum of Understanding with 
several objections, one of which is to do joined research on watershed management. 
 
4.5 Economics and Policies 
 
Two key research questions in this area are: What are the best ways of allocating 
scarce water to the many users that need it? and How can we stimulate that agricultural 
technologies be used and/or adopted for use?  
 
IFPRI’s studies aim to improve our understanding of how different ways of allocating 
water affect economic productivity, poverty and the environment and to suggest fair and 
efficient mechanisms for allocating and using water. An example of these studies is one of a 
river basin in Chili that showed that a system of trading water rights could direct water to 
higher valued uses. It could also encourage farmers to use irrigation to produce high value 
crops for both domestic and overseas markets, which need not reduce agricultural income 
significantly. It was found that the farmers could also increase their income by selling their 
unused rights to industries and cities during periods of little or no water demand.  
 
Many centres follow up on the introduction of technologies by assessing whether the 
target groups have adopted them. Systematic studies of how to stimulate farmers to adopt 
new technologies do not appear in the annual reports which probably indicates that they are 
not high on the centres’ agendas. By developing new technologies in a participatory manner 
together with the target group, one tends to assume that adoption will follow.  
 
4.6 CGIAR Research Priorities and Strategies for Water Aspects of NMR Research 
 
Since the mid-1980s CGIAR has emphasized the importance of productivity- 
increasing but at the same time resource-conserving technologies and has allocated an 
increasing portion of its financial resources to furthering their development and use. TAC has 
reported extensively on natural resources and sustainable practices. Much of this focused on 
land, water and biodiversity, but was more recently expanded to include fisheries and forests.  
 
TAC, as was mentioned in the introductory chapter of this paper, has recently restated 
the underlying principles of NRM research specifically with respect to water issues as 
productivity-enhancing and resources-sustaining. TAC (1995) expressed that NMR research 
should also take into account the off-site impacts of on-site practices, such as, for example, 
silted reservoirs, degraded water, and threats to human and environmental health. One 
consequence of this point of view is the need for a watershed-based, integrated approach to 
NRM research, especially for work on soil and water management. This approach should also 
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include the study of private and social benefits and costs and the design of institutional 
mechanisms for compensatory actions at the watershed level.  
 
It is interesting to note that several of the centres have reported that their NRM 
research takes place in an integrated manner. For example, ICRISAT follows an integrated 
approach in transforming watershed, for which they coined the phrase ”turning the grey areas 
green”. WARDA reported on research on crop and natural resource management (C&NRM) 
in the upland systems, which showed the potential of the use of leguminous cover crops and 
the benefits of rock-phosphate on poor upland soils. Other elements were the planting of 
inter-specific rice varieties, which combine strong competition with weeds and are acid-soils 
adaptive. Water control and access to markets are also seen as essential elements of the 
integrated approach. WARDA developed an integrated crop management (ICM) package that 
was introduced and evaluated with a large group of farmers, in which the farmers’ practice 
was compared with the ICM practice. WARDA emphasizes the importance of complete 
farmers’ adoption of the ICM package, because with partial adoption the potential yield of 
the plots is no longer as high as with the full package.  
 
A conclusion in TAC (1997, page xiii), however, is that within the Integrated NRM 
(INRM) framework there is a need for additional focus on specific subject matter. Water is 
seen as one of those areas of focus that need much greater emphasis within an INRM 
framework. TAC considers water-related issues, including waterborne diseases, to be some of 
the key ones that will face agriculture, forestry and fisheries even more pressingly in the 
future. The System-wide Water Management Program (SWIM) for which IWMI is the 
convening centre was at the time expected to give at least part of this required focus. The 
Soil, Water, Nutrient Management (SWNM) program had a more narrow water focus, i.e. the 
soil-water relations.  
 
The TAC (1997, page xv) document also called for research to look at why there is a 
lack of application of known technologies. Why are the research-generated information and 
water-saving measures not widely used?  
 
Four priority activities were listed (TAC, 1997, page xvi): 
 
• Make an identifiable contribution to poverty alleviation and environmental protection and 
enhancement 
• Be results-oriented and utilization focused (demand-driven with high probability of use) 
• Make optimum use of existing information and fill knowledge gaps 
• Build on the CGIAR’s international advantage.  
 
The link of NMR with poverty alleviation, central to CGIAR’s mission, involves links 
with a complex process of economic growth, development of food and water security, 
protection of the environment and natural resources, and in most case, changes in the 
distribution of benefits from economic development to favor the poor (TAC, 1997, page 8).  
 
Notably, in the priorities listed for soil and water research in TAC (1997, page 19), 
improved water productivity is not mentioned as an overarching one. The topics, briefly 
summarized, are:  
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• In terms of links between productivity-enhancing and resource-conserving: better 
management of water and nutrient supplies, prevention of soil and water degradation, 
management of soil fertility. 
• In terms of spatial and landscape linkages: the devolution of management to local groups, 
impacts of agriculture on downstream water supplies; erosion control. 
• In terms of links between research and adoption: reasons for limited use of existing 
information, how to get more effective implementation of existing knowledge. 
• In terns of temporal links: measurement of rate of change of natural resources and the 
impact of such changes on food and water security. 
 
Additional related specific research topics are listed in TAC (1996, page 46). They 
include studies on soil organic matter, soil biological relations, methods of combating and 
predicting erosion, managing water (see below), better models for water and solute 
movement in the soil, management of soil nutrient fertility, movement and reaction of 
nutrients, modeling in general, measurement of the status and trends of natural resources, 
local government and decentralization, and increasing crop and other enterprise productivity 
in a sustainable way. Indeed a very broad spectrum, but written more from the perspective of 
the study of soils than of water.  
 
The research topic on water management for greater efficiency refers especially to 
rainfed agriculture.  
 
The first priority activity listed in TAC (1997, page xvi, see above) linked poverty 
alleviation and environment protection. Protection of the environment is a complicated 
matter, as was lucidly explained in TAC (2000b). Its authors argue convincingly that a given 
biophysical change can result in values that run along a continuum from negative to neutral to 
positive. The example presented refers to a hypothetical technology resulting from CGIAR 
research that may affect stream flow downstream from where it was applied. The ultimate 
impact of that change on people could be negative if it contributes to the magnitude or 
frequency of flooding, or exacerbates the problems of drought. The impact would be neutral 
if adequate flow occurs with or without the innovation, and positive if the change contributes 
to water flow continuing longer into the dry season. Such environmental impacts are quite 
site-specific and difficult to predict. Actually, CGIAR’s productivity research could affect 
downstream water supplies both ways. In rainfed agriculture water-conserving practices or an 
increase in the area upstream planted with water demanding crops would reduce water 
availability downstream. Alternatively, the development of drought-resistant or less water-
demanding varieties for the upstream area could release more water for downstream users.  
 
The basic points made in the paper are that (i) most CGIAR innovations eventually 
will result in changes in the environment or in the biophysical conditions; (ii) the changes 
have to be linked to impacts on people, i.e. be given in economic and/or social terms; and (iii) 
it is in the context of changes over time that issues of sustainability become important. Often 
impacts are not all negative or all positive. For example, irrigated agriculture has positive 
impacts because of the resulting increase in food security, but negative ones because of 
salinization and drawdown of the groundwater level. Another example is land and water 
degradation induced by crop intensification in Asian rice mono-culture systems as well as in 
the rice-wheat systems of India and Pakistan. It is difficult to express these various opposite 
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impacts in quantifiable terms. The authors of TAC (2000b) argue that the great majority of 
research by CGIAR centres can be said to be either neutral or positive to the quality of the 
environment. The exception is the contamination of soil and water through the increased use 
of agro-chemicals. There are, however, also the obvious tradeoffs in productivity and poverty 
alleviation that must be evaluated.  
 
4.7 Trends in Water Research for the CGIAR Relative to Other International 
Organizations 
 
Comparing current research efforts on water issues in CGIAR centres and the rather 
lofty priorities and strategies as formulated by TAC in this respect, a gap appears between 
what is being done and what is needed for CGIAR to contribute substantially to solutions to 
the most pressing water issues. One obvious reason for the discrepancy is that a clear focus 
on water productivity, i.e. productivity per unit water used by the crop, is new. Earlier work 
dealt with the more familiar topic of soil-water. Understanding of the urgency of such a clear 
focus on water productivity is also relatively new, and not only in the CGIAR. Other 
organizations, such as FAO, have also only recently recognized water productivity as a high 
priority area. International institutions involved in the organization of the World Water 
Forum meetings have been very helpful in communicating the potential hazards of continuing 
using water as if it were an unlimited resource.  
 
One consequence of water-related research in the CG IAR being relatively new is that 
it is fragmented and lacks a clear focus. The concept of water productivity is not yet 
pervasive to most CGIAR research on water. It may be crucial to the study at hand, but so 
long as water productivity is not seen as the central issue, the research has few links with 
other water-related research. The categories used in sections 4.2 – 4.5 to describe current CG 
research activities related to water indicate the different approaches and different disciplines 
involved in these studies.  
 
As was described in some detail in Chapter 3, there are no international research 
institutions exclusively dealing with water-related issues across the entire range of water 
uses, including drinking water supplies, industry, agriculture and environment. Fragmentation 
in research efforts is therefore unavoidable. But CGIAR’s focus on water within agriculture, 
its interdisciplinary approach to research, and its international reach, should all help to make 
its water-related research less fragmented than it is now.  
 
Studies on the implementation of soil and water conservation measures, as described 
in section 4.3 above, are applied research. It is recognized both that these studies are much 
needed and that they border on development and extension. The integrated crop management 
approach, as for example found in WARDA’s research program in the Sahel, encompasses 
many aspects of the crop production system. This type of work was at one time known as 
farming systems approach. It could be asked whether CGIAR centres have a clear 
comparative advantage here. Over time, more and more of this work is being done by NARS 
and other partners of the centres. Guidance and collaboration by CGIAR centres, especially 
with respect to research design and data analysis and interpretation may still be needed.  
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On the other hand, it can be argued that a major shortcoming of much past agricultural 
research has been the focus on one or a few factors as a means to improve production. It is 
now recognized that improving only a few growth factors while neglecting other crop 
management factors will not lead to optimal yields. CGIAR, therefore, firmly believes that 
lasting improvements in production can only come if the whole production system is taken 
into account. The emphasis on integrated NRM research is therefore correct. As was 
illustrated in chapter 2 of this paper, water productivity research has many aspects. How this 
dilemma of the need for simultaneous focus and a holistic approach in research could be 
bridged in future CGIAR research will be addressed in the next chapter. Meanwhile, it may 
be of some comfort to realize that other research organizations also struggle with this 
dilemma of focus and integration.  
 
5. WATER-RELATED RESEARCH IN THE CGIAR: A VISION FOR THE 
FUTURE 
 
5.1 Introduction  
 
Several scenarios for the future were presented at the Second World Water 
Conference in The Hague, March 2000. One of these described what could happen when past 
trends in water use were allowed to continue in a business as usual manner. Another painted a 
slightly more hopeful scenario, by assuming certain changes would take place. Such 
scenarios are excellent tools to draw attention to problems, which are by some perceived as 
very urgent and are completely ignored by others. In this case, the issues are increasing water 
scarcity and hence fiercer competition for water that is likely to reduce available flows for 
agriculture with a negative impact on agricultural production and food security. The 
downside of such scenarios is that one can easily fit the existing data to suit the wished for 
outcome. Data sets have considerable margin of error, contradict each other and are 
incomplete. A small change in the data analysis, in the underlying assumptions or the 
interpretation of trends can change the outcome considerably. The challenge for CGIAR is 
not to think in trends that could possibly be derived from the recent past, but to think of ways 
to change the course of events by innovative research.  
 
5.2 Water, Poverty and the Environment 
 
Crop production, especially in Asia, increased rapidly in the 1960s and ‘70s as a result 
of the Green Revolution. Large investments in irrigation contributed in no small measure to 
this growth in production. This increase in irrigated agriculture has been beneficial to 
farmers, and the rural and urban poor, but it has also led to environmental damage, such as 
degraded land and water supplies. Many small farmers and poor people however continue to 
face water scarcity. Without water they can not satisfy their basic needs for food and 
sustainable livelihoods.  
 
In the mid 1980’s the trend in crop production changed. For example, in Asia the 
annual compound growth rate in the area under rice was 0.6% from 1984-1996. For the same 
period rice yield per unit land increased by 1.2% per year versus 2.5% in the eight years prior 
to 1984. The figures for total production were an increase of 1.5% per year after 1984 and 
3.2% in the eight years before 1984. In East Asia (Japan, North and South Korea) the area 
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under rice decreased from 1984-1996 by 0.9%, yield by 0.6% and production by 1.4%. The 
greatest increase in production during this period (4%) occurred in Southeast Asia 
(Cambodia, Laos, Myanmar and Vietnam) (Dawe et al. 1999). 
 
By and large, the agriculture community continues to see growth of irrigation as an 
imperative to achieving the goals of poverty alleviation and food security. According to one 
scenario with fairly optimistic assumptions on productivity growth and efficiency, IWMI 
estimated that 29% more irrigated land would be required by the year 2025 to meet food 
needs. Because of greater water productivity and higher yielding crops, the increase in water 
needs for agriculture would be proportionally smaller at 17%. Other reported estimates are of 
the same order of magnitude.  
 
From an environment point of view and with the objective to sustain and improve 
environmental quality and biodiversity, there is an equally strong demand to reduce the 
amount of water for agriculture by at least eight percent. The difference between the 17% 
increase and 8% decrease is about 625 km3 of water, which is more than the 500 km3 
expected to be used in 2025 for the domestic water supply worldwide.  
 
The World Water Vision, developed for the Second World Water Forum, attempted to 
bridge this difference and proposed a target of additional supplies for agriculture of 6% by 
2025 (Cosgrove and Rijsberman, 2000). Of course, neither the agriculture nor the 
environmental community is happy with this compromise. Improving water productivity in 
agriculture is the key to finding this balance between the need for water in agriculture and for 
environmental sustainability. And therefore also for achieving the twin goals of food and 
environmental security. 
 
5.3 Research on Improving Water Productivity 
 
A distinction needs to be made between “problems” and “research needs”. 
Accumulation of facts, filling in gaps, repetitive solving of site-specific problems does not, of 
itself, constitute research. Problems are defined in discipline-specific terms, which makes it 
very difficult to prioritize across these self-imposed boundaries between disciplines. 
Moreover, not all problems have solutions. Instead one should first identify a broad pivotal 
problem area, such as low productivity of water in rainfed agriculture. Then one examines the 
relative importance of several issues (e.g. unpredictability of rainfall, low input of other 
production factors, lack of financial resources, etc.) to isolate the category containing the 
most potent causes of low water productivity in rainfed agriculture. Multi-disciplinary 
attention would then be concentrated on that category. An iterative process in which new 
understanding grows from past learning and past mistakes characterizes research.  
 
The pivotal water-related problem facing rainfed agriculture is the low productivity of 
rainwater and of irrigated agriculture the low productivity of the water supply diverted from 
the source (e.g. river, reservoir or groundwater). The first problem translates into the research 
question on how to increase the portion of rain stored in the root zone. The research question 
for the second problem is how to improve the water productivity keeping in mind its spatial 
dimension (i.e. “wasted water” at some location may be re-used elsewhere downstream in the 
same system or river basin). In some situations both questions are linked: improved water 
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conservation and use in upstream rainfed agriculture causes less water to be available for 
irrigation downstream in the river basin.  
 
Several possible ways of increasing water productivity have already been identified, 
such as reducing non-beneficial evaporation, reallocate water to less water-demanding crops. 
However, as mentioned above, it is necessary to first examine the relative importance of the 
underlying issues, rather than embark quickly on addressing one or more of these possible 
solutions to the problem 
 
Innovative thinking about more effective use of water in agricultural production 
requires bridging the dichotomy between rainfed and irrigated agriculture. As research has 
shown, supplementary irrigation can make just the difference between crop failure and a 
worthwhile harvest. There are similarities between rainfed and irrigated agriculture in terms 
of the measures that can be taken to enhance the proportion of applied water that is 
effectively stored in the root zone and used for plant growth. For example, simple, low-
pressure drip irrigation systems with elevated drums for water storage were found to be very 
suitable for applying supplementary irrigation to small vegetable plots. These systems have 
been introduced successfully in several African countries (Ngigi, et al., 2001).  
 
5.4 Overview of Research Challenges in Water Productivity 
 
5.4.1 Variability of basic data 
 
Elsewhere in this paper we have alluded to several of the challenges that are inherent 
in research on water productivity. One of these is the spatial and temporal variability of the 
data needed to assess water productivity in crop production systems. IWMI has compared 
performance parameters of some forty irrigation systems in various parts of the world. 
Sakthivadivel et al.(1999) reported that these systems exhibited a wide range of values of the 
gross value of output per unit of water consumed in evapotranspiration (0.05 - 0.62 $/m3). An 
equally wide range was found when water productivity was expressed as yield per unit of 
water. Moreover, the coefficient of variation (standard deviation/mean) of these values for 
any one system over time is of the order of 40 to 50%3. Relative water supplies (i.e., total 
water supply, including irrigation, rainfall, capillary rise, over crop water demand) of the 
studied irrigation systems ranged from 1.2 to 4.1, with an equally high coefficient of 
variation.  
 
The range in values of water productivity parameters in different irrigation systems, 
interesting as it is, gives no indication of the measures that need to be taken to increase water 
productivity. It is conceivable that the constraints in enhancing water productivity are greater 
in some systems, which now exhibit low water productivity, than in others that have already 
relatively high water productivity. The value of a water productivity parameter is the result of 
many processes working together in some integrated manner to produce crop yields for that 
particular set of circumstances. One of the greatest challenges, therefore, is to determine the 
relative importance of the underlying processes and issues. The most critical ones are not 
necessarily the same everywhere. 
                                                 
3 Unpublished data by J.W. Kijne (2001) 
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5.4.2 Globalization 
 
Competition for water in agriculture occurs at a time when agriculture is also exposed to the 
effects of globalization of the world economy. Globalization forces farmers to become more 
commercial and more efficient producers as they are increasingly competing with other 
producers worldwide. Higher quality products and at lower prices are required to survive on 
the international market. Lower prices can only be attained when – among other things – 
irrigation services are better and/or less expensive than many farmers are getting now.  
 
5.4.3 Groundwater depletion 
 
In many semi-arid countries, the availability of irrigation water is adversely affected 
by groundwater depletion. Many of the most populous countries of the world – China, India, 
Pakistan, Mexico and nearly all the countries of West Asia and North Africa – have depleted 
their groundwater resource. There is rapid draw-down of fresh water aquifers (by as much as 
1 or 2 m per year), due mainly to the worldwide explosion in the use of well and pumps for 
irrigation, domestic and industrial supplies. Use of groundwater increased rapidly because it 
is an attractive source of water: it is not evaporated as surface reservoirs are, and it is 
available when needed by starting the pump, in contrast to canal water, which is usually only 
available according to some rigid schedule. The trade-off, however, is that groundwater has 
concurrently been polluted by downward flow of water from cropped lands containing salts 
(including sodium salts, which have a bad effect on soil structure), residues of agro-chemicals 
and fertilizers, and by seepage of waste water from industries and intensive livestock 
farming.  
 
Where groundwater is too saline for agricultural production, pumps have not been 
installed resulting in rising groundwater levels due to over-irrigation and seepage from 
irrigation canals. Much agricultural land has gone out of production as capillary rise from 
shallow water tables has ruined the soil and poisoned the crops. To reverse this process is 
difficult and expensive. The total area affected is not precisely known, in part because the 
land is affected to varying degrees. Some land may be reclaimed and again be cropped for 
some time. The distinction between salinity-degraded land and land fit for cropping is a fluid 
one. Hence it is hard to estimate, as has been attempted by CGIAR’s Standing Committee on 
Impact Assessment, how large an area worldwide could have been used for some other 
purpose if no salinity problem existed.  
 
5.4.4 Economic and institutional considerations 
 
Improving water resource management requires recognizing precisely how the overall 
water sector is linked to the national economy. Equally important is it to understand how 
alternative economic policy instruments influence water use across different economic 
sectors; between local, regional and national levels; and among households, farms and firms. 
Macro-economic policies not aimed at the water sector can have a strategic impact on 
resource allocation and aggregate demand in the economy. (FAO, 1996). This is how CGIAR 
water productivity research fits into a much larger macro-economic picture.  
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The importance of pricing and other incentives to encourage consumers to adopt 
efficient water-use practices depends on the relative value of the water. When good quality 
water is plentiful and cheap, it does not pay to invest in costly monitoring devices and pricing 
systems. However, because demand is responsive to price, as water becomes scarce, it 
becomes increasingly worthwhile to carefully measure, monitor and price water use. It has 
been argued that the transaction cost associated with organizing the large number of farmers 
to collectively agree on the terms for the trade, is what affects water trading most. Rather than 
charging water cost to individual farmers, it is best to rely on water users’ associations. 
Trading is also crucially dependent on collective action and on possession of transferable 
rights to water by the original recipients.  
 
The Global Water Partnership has estimated that investment needs for improvements 
to irrigation, drainage and the necessary increase in irrigated area are $ 40 billion per year, 
but much more must be done to obtain realistic figures. This level of investment should 
improve water productivity and thus earn a good economic return. For comparison, in the UK 
investment in water services is around $ 5 billion per year; in the USA, the cost of 
implementing the Clean Water Act have been about $ 32.5 billion per year between 1990 and 
1995.  
 
It is expected that capital will, increasingly, come from private capital markets, with 
the critical government role being that of light transparent benchmarking and regulation 
(Briscoe, 1999). Others, e.g. within GWP, have argued that public regulation of private 
operators is inevitably required given the social, developmental and environmental 
importance of he water resource. To date private sector investment has concentrated on 
relatively few countries in the Far East and Latin America, and is limited to water supply and 
sewerage projects. Attracting private sector investments will require the recipient countries to 
have good water governance – strong regulatory frameworks, sound policies and up-to-date 
laws – and impartial and consistent law enforcement. Developing guidelines for the 
establishment of good water governance is an appropriate international strategic research 
topic. 
 
It has been argued that water short countries, rather than investing in irrigation 
expansion to continue their food self-sufficiency policy, should preferably be importing food 
(so-called virtual water import). This may apply particularly to the staples that can be shipped 
easily and stored for long periods. Many developing countries are however hesitant to accept 
such a shift in approach because it would make them vulnerable when short of hard 
currencies, and to possible food embargoes by exporting countries.  
 
5.4.5 Global warming 
 
There are many water-related research issues that must be addressed at the global 
level, such as global warming, public health, and energy conservation. Research in these 
fields should address the implications of these phenomena for future water resources use and 
management.  
 
In its latest Annual Report, CGIAR (2001) focuses on agricultural research and 
climate change. It is expected that climate change will increase flooding in some regions and 
  
34
exacerbate the frequency and magnitude of droughts in central Asia, northern and southern 
Africa, the Middle East, the Mediterranean region, and Australia. Obviously, more frequent 
and longer droughts will have a potentially adverse effect on agricultural production in semi-
arid and arid countries. This prediction provides an additional urgency to the study of the 
enhancement of water productivity. Especially, as crops in the tropics and sub-tropics are 
assumed to be near their maximum temperature tolerance, even a modest increase in 
temperature will mean a yield decline. How to adapt agriculture to the anticipated effects of 
global warming could be the greatest challenge of agricultural research in the next decades. 
Agriculture will continue to use more water than any other area of human activity. 
Unfortunately, the links between land use, crop production, food security, ecosystem 
protection and water resource management are not well articulated and frequently not 
understood.  
 
5.5 The Role of CGIAR: its Comparative Advantage in Water Productivity 
Research  
 
In its Vision and Strategy document (TAC, 2000), already referred to in the 
Introduction of this paper, the CGIAR has expressed that it “will mobilize and bring the best 
science to bear on productivity and institutional problems that have proven intractable in the 
past in the context of poverty reduction and prevention”.  
 
F. Rijsberman, DG of IWMI, gave substance to this sentiment in an e-mail of 25 April 
2001 to the CDC. Here he opined that the CGIAR is well positioned to address the challenge 
of water in agriculture. “The crop centres combine the expertise to improve drought 
resistance and water productivity – even though a focus on these multiple traits will mean a 
relative shift in focus. It will require a considerable paradigm shift to think in terms of yield 
per unit of water as a major complement to yield per unit of land. Key areas of a major 
research program on the water and agriculture challenge, to be addressed in a coordinated 
overall framework, can be grouped as follows: 
 
1. increasing the drought stress tolerance of key irrigated and rainfed food and cash crops 
through breeding and biotechnology, thereby also adapting agriculture to increased 
climatic variability due to anthropogenic climate change; 
2. similarly increasing the water productivity of key food and cash crops through breeding 
and biotechnology; 
3. improving soil water and soil fertility management to sustainably increase yields in, 
particularly, rainfed agriculture; 
4. improving integrated water resources management at the basin level to increase water 
productivity and (re-)allocate water resources to a sustainable mix of high value uses, 
from crops to forestry, to fisheries, the environment and domestic and industrial use and 
reduce conflicts among users; 
5. integrated natural resources management with full involvement of all stakeholders and 
explicit sustainability and poverty alleviation objectives.” 
 
The authors of this paper concur with the opinion that the CGIAR has the opportunity 
and the comparative advantage to take a leading role in research on enhancing water 
productivity in agriculture worldwide. In addition to the five key areas of research mentioned 
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by Rijsberman and quoted above, two more, i.e. water quality and institutional arrangements 
for integrated water resource management, could be added to this list of key research areas in 
which the CGIAR institutes collectively have a comparative advantage. Water quality plays 
an extremely important role in the productivity of water and in establishing whether (further) 
recycling of the water is justified. Uncertainty with respect to water quality exist in terms of 
the expected yield response to simultaneously imposed under-irrigation and salt stress, as was 
discussed in chapter 2 of this paper. To resolve this uncertainty multidisciplinary research 
efforts are needed.  
 
Regarding institutional arrangements, IWMI and its partners have done research on 
irrigation management transfer, wherein the financial burden for operation and maintenance 
of the system are devolved to water user organizations. For most countries, presently 
experimenting with irrigation management transfer, the primary reason to undertake it is to 
significantly reduce public expenditures for irrigation’s recurring costs. There seems to be a 
consensus that irrigation management transfer programs should involve at least three 
contingent strategies: improvement of support service delivery, empowerment of farmers, and 
the irrigation system’s long term financial viability. Institutional arrangements for integrated 
water resource management are probably much more complex than those for farmer-managed 
irrigation systems, and they have not been the subject of CGIAR research yet.  
 
Throughout this paper, we have emphasized the need for integration in the execution 
of water productivity research by the CGIAR. Although seven separate issues, five by 
Rijsberman and two additional ones, have been mentioned here, it is crucial that they be 
addressed in a coordinated overall framework.  
 
IWMI has recently taken two initiatives to bring CGIAR centres together with others 
to focus on water productivity in agriculture. The first is the Dialogue and the second a 
workshop on water productivity in agriculture. The IWMI Dialogue on Water, Food and the 
Environment was mentioned already in chapter 3, where all the partners in the dialogue were 
listed. The Dialogue, to be launched at the Stockholm Water Symposium in August 2001, 
seeks to engage in a cross-sectoral dialogue NARS, NGO’s and others on water for food and 
environmental security. The aim of the Dialogue is to strive for consensus among key 
stakeholders from the irrigation, environment and rural development communities on the role 
irrigated agriculture plays and should play in the future. A summary of the paper that 
describes the Dialogue is enclosed in Annex 1.  
 
The workshop on water productivity will be held in November 2001 at IWMI. It will 
bring together researchers in the fields of plant breeding, molecular biology, agricultural 
economy and irrigation from CGIAR centres and some collaborating institutions to explore 
opportunities for and constraints in improving water productivity in agriculture. It will also 
consider the type of inter-disciplinary research that is required, i.e. field studies, modeling, 
etc. One of the objectives of the workshop is to propose joint research programs on water 
productivity.  
 
The concept of improved water productivity in agriculture does not permeate a 
significant portion of CGIAR’s research yet. For example, other CGIAR centres could have 
been involved in relevant research in this area than were included in the description of current 
  
36
water-related research in the previous chapter. Examples that come to mind are ICRAF and 
ILRI. ICRAF mentions the need for planting trees for carbon sequestration but does not 
appear to be concerned about the trees’ need for water (see, for example, Renault et al, 2001). 
ILRI as the CGIAR’s livestock centre could play a role in studying the consequences of 
intensive livestock husbandry for water quality, waste disposal and resource degradation in 
general, research ILRI does not appear to be conducting now. Opportunities for enlarging 
CGIAR’s focus on water productivity in agriculture certainly exist. Whether these 
opportunities will be fully grasped and CGIAR’s comparative advantage put to good use will 
depend on the centres’ willingness to engage in collaborative research.  
 
5.6 Appendix - Dialogue on Water, Food and Environment: Proposal 
 
Version 3.1 of April 3, 2001, prepared by Chair, on the basis of the discussion of the 2nd draft 
at the Rome working group meeting.  
 
Summary 
 
The water-food-environment issue can be characterised through three quotes as follows: 
 
“Water resources, and the related ecosystems that provide and sustain them, are under threat from 
pollution, unsustainable use, land-use changes, climate change and many other forces. The link 
between these threats and poverty is clear, for it is the poor who are hit first and hardest.” Source: 
Ministerial Declaration, 2nd World Water Forum, The Hague, March 2000 
 
“On the one hand, the fundamental fear of food shortages encourages ever greater use of water 
resources for agriculture. On the other, there is a need to divert water from irrigated food 
production to other users and to protect the resource and the ecosystem. Many believe this conflict 
is one of the most critical problems to be tackled in the early 21st century”  
Source: Global Water Partnership, Framework for Action 2000, p58 
 
“We need a Blue Revolution in agriculture that focuses on increasing productivity per unit of water 
– “more crop per drop”. Source: Secretary General Kofi Annan of the United Nations in his 
report to the Millennium Conference in September 2000 
 
A key issue in the water-food-environment area is the fragmented, sectoral approach at both 
global and national/local level to issues of food and hunger, poverty and livelihoods, health, 
and environment. Some organisations and ministries emphasise the accepted goals to 
drastically reduce poverty and hunger, but pay less attention to health and environmental 
goals. Others work mostly on the sustainability goals of Agenda 21 and the Conventions on 
Biodiversity, Desertification, Climate Change and Ramsar, placing less emphasis on food 
security. Sectoral based agendas focusing on subsets of society's overall goals lead to very 
different views on how water should be used. 
 
While, in principle, there need not be a conflict among all these objectives, in practice the 
agriculture and environment communities, particularly, have drastically different views on 
the way in which water resources should be managed and developed in the coming decades. 
The agriculture community emphasises the need to maintain food security and reduce hunger 
and rural poverty for a growing world population and concludes that 15-20% more water will 
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have to be made available for agriculture in the coming 25 years. The environmental 
community emphasises current damages to ecosystems through overuse and pollution and 
concludes that an increase in water used by agriculture would be disastrous. There is no 
agreement on desirable solutions and this leads to stagnation in investments and increasing 
conflicts over water at the local level. 
 
The lack of agreement on socially desirable solutions affects the poor and vulnerable groups 
in society, particularly in the South, that are hit first and hardest by growing water insecurity. 
Health and poverty parameters are affected by this lack of water security. 
 
Development Objective 
The development objective of the proposed Dialogue on Water, Food and Environment is to 
“Improve water resources management for agricultural production and environmental 
security to reduce poverty and hunger and to improve human health”. 
 
Intermediate Objective 
Build bridges between agricultural and environmental communities on water resources 
issues, by improving the linkages between the sectoral approaches that dominate 
policymaking and implementation, particularly at national level. 
 
Immediate Objectives 
Establish and strengthen a viable dialogue, at primarily national and local levels. 
Draw together, maintain and improve the required knowledge base for the Dialogue. 
Create a platform for local or basin scale activities that enhance food and environmental 
security in order to enhance the exchange of experience and the development and 
identification of best practices. 
Raise awareness amongst the relevant actors and stakeholders. 
 
Outputs 
1.1 Cross-sectoral dialogues at national level on socially desirable options to achieve 
food and environmental security to reduce poverty and hunger and improve health in 
at least 15-20 countries (workshops, technical reports and public awareness 
materials). 
1.2 Dialogues at basin and local level on socially desirable options to achieve food and 
environmental security to reduce poverty and hunger and improve health in at least 5-
10 river basins / case study sites (workshops, technical reports and public awareness 
materials). 
 
2.1 Common definitions on water, food, and environmental security, etc. and common 
indicators of poverty, hunger, health, environmental quality etc. 
2.2 Credible and authoritative information and analyses on water availability, use and 
requirements for agriculture, environment and associated uses. 
2.3 Scenarios at global, national and basin level concerning alternative options to develop 
and manage water resources for food and environmental security. 
2.4 Assessment of impacts on food security, hunger, poverty, livelihoods, health, 
environmental quality and biodiversity of alternative scenarios. 
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3.1 Exchange of practical experience at the local level among the practitioners. 
3.1 Synthesis of best practice information based on the experience gained in thousands of 
local action projects. Better actions taken at local scales as a result of this interaction. 
3.2 Inputs of local experience into the dialogue processes at national and basin/local level. 
 
4.1 Annual Dialogue meetings of all participants that raise the issue on the global political 
agenda through press releases, interviews and presentations of Dialogue 
Ambassadors. 
4.2 Presentations at key meetings: Bonn Freshwater Conference, Rio+10, 3rd World 
Water Forum, ICID Congress in Montreal 2003, meetings of the UN Conventions. 
 
Activities 
To this end a Dialogue on Water, Food and Environment is proposed as a process to be 
carried out with the following three main blocks of activities (See Figure 1), plus a 
communication program: 
 
A true cross-sectoral dialogue process among the stakeholders, primarily at national and 
local levels, that is open, clear, transparent and inclusive. A large number of national level 
dialogues or roundtables would form the heart of the dialogue. River basin and local level 
dialogues would complement these to exchange information and address issues affecting 
users directly. Special efforts would be made to connect to the local level, where the key 
challenge is to involve the real water users, the man or woman “at the pump”. 
 
An enhanced knowledge base to feed the dialogue and establish credible and authoritative 
knowledge accepted by both agricultural and environmental constituencies. The 
knowledge base would focus on achieving food and environmental security and on 
impacts of past development as well as on evaluation of options for future development. 
It would focus on creating and implementing linkages and interactions among ongoing 
and new key activities that fit the overall framework (but are funded and managed 
independently). 
 
Networking for local and basin level action-oriented projects focused on testing and 
evaluating innovative approaches that enhance sustainable water security for agriculture 
and the environment. This would essentially be a platform for information exchange – 
leading to identification of “best practices”.  
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Dialogue Knowledge base Local action
existing and new
components interacting
loosely coordinated
local initiatives
National and 
basin level 
cross-sectoral 
dialogues
annual 
meeting
of all
participants
 
 
 
Figure 1. The dialogue process is about creating the links between existing programs, 
rather than developing new activities: it focuses on the arrows rather than the boxes. 
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ANNEX: ASSESSMENT OF THE STRATEGIC PLANS OF IWMI BASED ON THE 
RECENT EPMR 
 
1. PRIORITY SETTING AND RESEARCH FOCUS 
 
The Second External Programme and Management Review of IWMI (EPMR) 
expressed the need for improved priority setting to focus the research efforts on the most 
critical issues within a global water management research framework. The recently published 
Strategic Plan 2000-2005 provides such priority setting. Five research themes have been 
identified. These are: 
• Integrated Water Management for Agriculture 
• Sustainable Smallholder Water and Land Management Systems 
• Sustainable Groundwater Management 
• Water Resources Institutions and Policies 
• Water, Health and Environment. 
 
The first research theme has as its first research activity the generation of new 
knowledge on irrigation and water resources. The first research question mentioned in this 
context is ‘How can the productivity of water be enhanced through water management 
interventions’. Clearly, this research theme is the intellectual home for the Water Productivity 
Research advocated in this Paper.  
 
2. STRATEGY FORMULATION 
 
The Centre also quickly followed up on EPMR’s suggestion to develop a clearer and 
more precise formulation of its strategy. The Strategic Plan 2000-2005 provides a precise 
overview of the new directions the Centre wishes to follow under the guidance of the new 
DG. The strengths, weaknesses, opportunities and threats as seen by the Centre are spelled 
out and a vision is developed. In the Vision it is recognized that IWMI is first and foremost a 
research institute specializing in integrated water and land resources management.  
 
The research themes are described and for each of them a logical framework has been 
developed. Realistic milestones for each of the research themes are specified in the logical 
frameworks. All of this indicates a clear sense of direction and priority setting. The emphasis 
on water productivity in several of the themes confirms the importance the Centre attaches to 
the enhancement of water productivity in agriculture as an overarching principle of its 
research.  
 
3. EFFECTIVE COORDINATION OF WATER RESEARCH WITHIN THE 
CGIAR 
 
The EPMR observed that the System-wide Initiative on water Management (SWIM) 
has become the main tool for collaboration with other CGIAR centres and that this 
collaboration is mainly of a bilateral nature. Moreover, the EPMR noted that most of IWMI’s 
contributions to SWIM are or could be incorporated in one or more of the Institute’s global 
research programs. TAC expressed the opinion that inter-centre collaboration is essential, 
given the importance that water management has or should have in the research programs of 
many of the CGIAR centres.  
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It is important to note that.IWMI has addressed these concerns about SWIM in two 
ways as mentioned in the previous section, i.e. by initiation of the Dialogue on Water. Food 
and the Environment, which will have its secretariat at IWMI, and by organizing a system-
wide workshop on water productivity research. In both initiatives, IWMI plays the 
coordinating role commensurate with its role as convening centre for SWIM. 
 
4. GROWTH EXPECTATIONS 
 
The EPMR was surprised that IWMI has not been able to raise the $11 million per 
year de facto recommended by TAC. Although the Panel believed that IWMI could put 
effectively to good use a higher level of funding, it also expressed doubt that the draft 
Strategic Plan provided sufficient justification for a $5million increase in the annual budget 
the Centre was seeking.  
 
The newly published Strategic Plan 2000-2005 justifies such an increase in IWMI’s 
annual budget. In fact, it anticipates a budget for 2001 of $12.2 million, for 2002 $14.2 
million, for 2003 $15.7, for 2004 $16.5 and for the last year of the plan period, 2005 $17.4 
million. The initial jump from the budget for 2000 to the budget for 2001 reflects the fact that 
IWMI has incorporated the sustainable land use management program of the former 
International Board for Soil Research and Management (IBSRAM) into its present research 
themes.  
 
It is realized that the expected growth of IWMI is to take place in a period of 
increasing competition for research funding. Nevertheless, considering the essential role 
irrigation is expected to play in future food production and the increasing global awareness of 
the importance of water resources management in and for agriculture, and given the 
determination of the new DG, it should not be doubted that considerable growth of IWMI’s 
finances and research scope are feasible.  
 
5. IMPACT ASSESSMENT NEEDS 
 
One of EPMR’s recommendations is for IWMI to adopt more formal procedures for 
priority setting and impact assessment. Priority setting was briefly discussed in section 1 
above. Impact assessment, according to the Panel, would help in priority setting. The Panel 
recognized that impact assessment is not easy for a research centre such as IWMI, which 
focuses its research on improving the way in which water is managed in the pursuit of food 
security and poverty reduction. In spite of these difficulties, the Panel believed that IWMI 
should endeavor to assess the extent to which its research has had an impact on the food 
security and poverty alleviation goals of the CGIAR. The Centre in its response mentions that 
IWMI’s impacts largely occur through the stimulus of new research ideas and concepts, 
which lead to changed behavior among policy makers, donors, other scientists, and water 
managers. It notes that there usually is a long time-lag and a large number of intervening 
variables between the stimulus and the outcome.  
 
It is too early to assess the extent to which the Centre has succeeded in developing a 
systematic way of assessing the impact of its research. An indication of a start in this 
direction is found in the logical frameworks in the Strategic Plan 2000-2005, where in several 
of the research themes measurable impacts are mentioned. For example, in Sustainable 
Smallholder Water and Land Management Theme, one of the milestones for 2004 is that 
project impact will be established for the widespread adoption of improved water and land 
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management technologies. Also in the Water, Health and Environment Theme, one of the 
milestones for 2003 is that the impacts of water-saving irrigation methods on human health 
will be documented.  
